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APPENDIX A

\ CONSTRAINTS

i

.\This appendix is included for explanation of environ-
mental constraints as described in the original Phase I
report. ' ) -

A.l “VHealth and Safety Constraints. Under the
authority of Executive Order 12196, Occupational Safety
and Health Programs for Federal Employees (effective
October 1, 1980), and revised 29 CFR 1960, Basic Program
Elements for Federal Employee Occupational Safety and
Health Programs (effective October 15, 1980), the 19F1
AFFT will be subject to the same health and safety con-
straints as the private sector. 1In addition, because of
the Navy's long-standing concern with safety and health
matters, all Naval commands, under the direct order of
OPNAV, are required to comply with the most stringent
health standards and/or recommendations that are used by
OSHA, NIOSH, ANSI, ACGIH, or other standard-setting organi-
zations. This rule is excepted when there is a "uniquely
military" justification for not complying. 1In that situa-
tion, separate NAVOSH standards may be developed by the
Bureau of Medicine and Surgery.

Enforcement of all safety and health criteria is solely
the Navy's responsibility and is carried out by the Naval
Environmental Health Center and the Environmental Preventive
Medicine Unit. States with individual occupational safety
and health programs will exempt Federal facilities from
state inspections.

Specific guidelines are set for many of the potentially
toxic materials used in the 19F1 AFFT. Those materials that
do not have standards require evaluation for potentially
hazardous exposures. The operating parameters of the 19F1
AFFT require consideration of the recommended guidelines for
confined spaces. In addition, there are standards regarding
hazards from physical agents such as noise and nonionizing
radiation from hot environments causing burns and heat
stress.

The Naval Safety Center is responsible for Naval onshore
personnel safety. Navy policy is to follow good safety
practices as outlined by OSHA, the National Electrical Code
(NEC), the National Fire Prevention Association (NFPA), and
the International Fire Service Training Association. The
Navy's safety standards are outlined in a manual entitled
"Safety Precautions," NAVMAT P-5100. The Navy has also
adopted the Fire Fighting Occupational Safety Standards of
the International Fire Service Training Association and
follows the recommended practices for tan§ testing concerning
gas-free engineering and confined spaces.

lU.S. Navy, "Gas-Free Engineering," Naval Ship Technical Manual, NAVSEA
5908CH STM-030, Vol. 3, Chpt. 074, 1979.

A-1l




Guidelines for exposure to chemical contaminants and
physical agents and the minimum internal environmental
oxygen requirement as well as the sources of these guidelines
are presented in Table A-1l. These guidelines reflect the
original materials to be used in the 19Fl1, as well as the
various decomposition and combustion products. In general,
these guidelines are more stringent than previous ones.

Several of the chemical agents used in the AFFT (i.e.,

‘ propane and propylene glycol) may also have a significant

safety hazard potential. Safety requirements for these
agents are included in explosion-related guidelines. In
specific applications, however, these requirements may need
modification.

The confined space condition of the 19F1 further requires
consideration of the specific potential safety hazards
associated with burning in a confined atmosphere. These
guidelines relate to oxygen deficiencies, exhaust ventilation,
flammable parameters, dilution ventilation, and NEC and
NFPA requirements for electrical equipment. Some of the key
guidelines are presented in Table aA-2,. In addition to these
guidelines, ‘there are other guidelines that cover general
safety, proper working/walking surfaces, ladders, means of
egress, and fire protection.

A.2 Constraints Related to Air Pollution. Air pollution
control requirements for a particular facility may be governed
by the applicable emissions standards or by the state ambient
air quality standards, depending on the type and amount of
emissions from the facility and the existing air gquality at
the facility site. These two sets of regulations as well
as Japanese air pollution-control regulations are discussed
in the following subsections.

A.2.1 U.S. ambient Air Quality Standards. Ambient air
quality standards exist at both the federal and state
levels. Many states have adopted the federal ambient standards,
but some states have promulgated more stringent standards
or added other pollutants to those regulated at the national
level. National ambient air quality standards have been
established for seven criteria pollutants.

Of the nine states designated as AFFT sites, only
Connecticut, Rhode Island, and Virginia have completely
adopted the federal standards. The other states have adopted
more stringent standards for one or more of the seven pollutancs.
In addition, several of the states have promulgated standards
for pollutants not regulated at the federal level. The
regulatory status of each state is summarized in Table A-3.
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A.2.2 U.S. Emission Limitation Standards. 1In some
areas, the ambient standards for one or more pollutants
" are currently being violated, while in other areas, the
ambient air quality is better than the set limitations.
The Clean Air Act reguires those areas exceeding standard
values to control emissions from both existing and new
sources. Those areas that fall within the air quality
standards must prevent significant deterioration of the
air guality by requiring controls on new sources of emissions.

EPA has established emission standards for total
suspended particulates, NO_, SO,, CO, and volatile organic
compounds from certain claSses Or types of new stationary
sources. Most states have adopted EPA regulations with
minor modifications. The proposed fire fighter training
facility is not included in any particular class or category
of sources for which emission standards have been established.
Therefore, it must meet general emission-control requirements,
the most notable of which are the limitations placed on
visible emissions.

Most states have established an opacity standard for
controlling visible =2missions. Table A-4 summarizes the opacity
standards for the nine states under consideration and liists
possible exemptions for fire-Zichting facilities. Currently,
only three of the states have any exemption provisions, and
these are specific for open-burning facilities. It is
doubtful, however, that these exemptions will pertain to the
AFFT, as it is not classified as an open-burning facility.

A.2.3 Other U.S. Regulations. Another general
requirement at each AFFT site will be to obtain an air
pollution permit to construct and operate the proposed
facility. Some states have established a minimum threshold,
such that any source with emissions above the threshold
must obtain a permit and comply with the emission-control
requirements stipulated in the permit. 1In San Diego, a
source emitting any pollutant over 10 pounds per hour must
use the Best Available Control Technology (BACT). The
BACT is determined on the basis of energy, environmental,
and economic impacts of alternative control strategies.
The other states will require a case-by-case review.

In addition to these requirements, EPA has established
national emission standards for four pollutants that are
considered to be carcinogenic or mutagenic hazards. These
pollutants include asbestos, mercury, beryllium, and vinyl
chloride. Three substances that are considered potential
pollutants include benzene, radionuclides, and inorganic
arsenic.
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State

California
(San Diego)

Connecticut

Florida

Hawaii

Illinois

Rhode Island

South
Carolina

Virginia

Washington

TABLE A-4. VISIBLE EMISSION

Opacity Standard

Not to exceed 20 percent
any time.

Not to exceed 20 percent,
except for 5 minutes in

any 1 hour up to 40 percent
opacity is allowed.

Not to exceed 20 percent.

Not to exceed 40 percent,
except for 3 minutes in
any 1 hour up to 60
percent is allowed.

Not to exceed 20 percent,
except for 3 minutes in
any 1 hour ug &3 40
percent is allowed.l Not
to exceed 30 percent, ex-
cept for 8 minutes in any
1 hour up ta 60 percent
is allowed.

Not to exceed 20 percent,
except for 3 minutes in
any 1 hour.

Not to exceed 20 percent,
except for 6 minutes in
any 1 hour but no more
than 24 minutes per day
up to 60 percent is
allowed.

Not to exceed 20 percent,
except for two 6-minu‘e
periods in any 1 hour.

Not to exceed 20 percent,
except for 15 minutes in
any B-hour period.

STANDARDS

Exemptions for
Fire-Fighting Training

None.

Fire-fighting training
under open-burning
conditions is exempted.

None.

None.

None.

None.

Fire-fighting training
exempted from open-burning
regulation.

Fire-fighting training
exempted from open-burning
regulation.

None.

lNew fuel combustion sources with actual heat input > 250 million

Btu/hr.

2All other sources.




Pollutants other than those discussed may be subject
to control requirements established by the state or local
air pollution~-control agencies on a case-by-case basis.

A.2.4 Japanese Air Pollution-Control Regulations.
The Japanese Air Quality Bureau is in charge of establishing
and enforcing air pollution, noise and odor pollution,
and automotive pollution-control regulations. The Air
Pollution Control Law was promulgated in 1968 to give the
Japanese govarnment authority to set environmental quality
and emission standards, regulate scot and dust emissions,
and establish a system of air pollution monitoring and
surveillance.

( The AFFT proposed for Japan must conform with Japanese
environmental guality standards presented in Table A-3. These
standard values are comparable to the U.S. ambient air
guality standards.

( Emission standards regulate the emissions from a
. particular type of facility and are specific to the particular
, _type of operation performed at the facility. Because none
‘ of the present emission standards are specific to the AFFT,
N the fire fighter trainer and other similar facilities will
’ most likely be regulated on a case-by-case basis.

A.3 Constraints Related to Wastewater Discharges. The
! effluent generated by the AFFT will be discharged into
! ‘ natural waters and sewage treatment plants at locations
‘ across the country. This discharge of industrial wastewater
is regulated by the Clean Water Act, which gives state and
local governments jurisdiction in establishing water pollu-
tion-control programs. Industrial wastewater such as the
AFFT effluent may be disposed of by direct discharge into
local receiving waters or by discharge into a publicly owned
treatment works (POTW) or municipal sewage treatment plant.
Each option is regulated under separate but interrelated
laws at the fed=ral, state, and local levels.

l A.3.1 Direct Discharge. Direct discharge of
industrial wastewater into receiving waters is regulated at

l the federal and state level. States have promulgated water-
gquality standards that specify maximum pollutant concentrations
in bodies of water, depending on the designated use of

: receiving water (i.e., boating, wildlife habitat, commerce,

l etc.). Both EPA and the individual states use these water-
guality standards -as a basis for a second regulatory approach--

l the issuance of discharge permits.

e




Regional offices of EPA have had the initial responsibility
for establishing the major permit program--the National
Pollutant Discharge Elimination System (NPDES). Subsequently,
many states have applied for and received approval to
operate their own NPDES programs and have assumed the permit
functions from EPA. Many states, however, do not have NPDES
authority and do not intend to obtain it. Instead, they
work with EPA by certifying NPDES permits before they are
issued. In some cases, states without NPDES authority
operate independent permit programs. Both NPDES and in-
dependent state permits are issued based on the water-
quality standards for the site in question, the identity and
concentration of pollutants in the discharge, and an en-
gineering assessment of technically feasible control mea-
sures.

A.3.2 Discharge Into a POTW. States may establish
controls on discharges into POTWs through their permit
programs if the programs cover discharges into sewer systems
as well as into waters of the state. Although some state
permit programs have this authority, this type of discharge
is usually regulated by either effluent standards or pretreat-
ment standards promulgated at the local level.

Effluent standards, the most commonly used regulatory
tools, specify maximum concentrations of pollutants allow-
able in industrial discharges. Pretreatment standards are
specific to industrial processes and their discharges and
must be approved by EPA. Many states are presently in the
process of developing pretreatment programs for specific
industries, but few, if any, are expected to apply to the
AFFT operations.

A.3.3 Regulatory Status of AFFT Sites. Table A-5
summarizes the regulatory status of each AFFT site. It
presents general requirements at state and local levels for
both direct discharge and discharge into a POTW.

A.3.3.1 Direct Discharge. At most AFFT sites, direct
discharges are regulated by either a state NPDES program or
an independent state permit program. Bangor, Washington, on
the other hand, has no state-requlated permit program for
federal facilities and relies completely on the regional EPA
NPDES programs. Direct discharge is not permitted in
Newport, Rhode Island, San Diego, California, and Pearl
Harbor, Hawaii. In Norfolk, Virginia, the state has deferred
its permit authority to EPA, but EPA will not accept it.
Virginia is, therefore, temporarily without any regulation
on direct discharges.

A-10
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Table A~6 presents water quality standards for specific

AFFT sites where direct discharge is an option. Facilities
wishing to use the direct discharge -option must comply with
these standards prior to issuance of either a state or NPDES
discharge permit. The standards shown include those possibly
relating to AFFT discharges as well as common standards that
may serve as indications of the relative regulatory stringency
of each state.

A.3.3.2 Discharge Into a POTW. Most AFFT sites using
this wastewater disposal option must comply with industrial
effluent standards imposed by local governments to ensure
that wastewater entering their municipal sewage plant does
not contain material that might damage the system. Effluent
standards have been developed for most municipalities;
however, there are some exceptions. Mayport, Florida, for
example, is a site where the municipal sewage plant will not
accept any industrial discharges. AFFT sites at Treasure
Island, California, and Pearl Harbor, Hawaii, are not subject
to local effluent standards as each has a permitted Naval
treatment facility onsite. Relevant local effluent standards
are summarized in Table A-7.

In addition to effluent standards, several AFFT sites
are subject to further state or local regulation. In
Charleston, Orlando, and llew London, the state requires an
NPDES permit to discharge into a POTW. Pretreatment regulations
have also been approved for Norfolk and lNew London, but as
they were written for specific industrial situations, they
are not expected to apply to the AFFT facilities.

A.3.4 Japanese Requirements. The Water Quality
Bureau of the Japanese Environmental Agency is responsible
for controlling potentially harmful substances that might
be discharged into Japanese waters. The Water Pollution
Control Law, enacted in 1971, enforces Japan's water pollution
regulations and standards. These regulations consist of
environmental gquality standards and effluent standards.

Japanese effluent standards limit the concentration
of pollutants discharged into Japan's natural waters, whereas
U.S. effluent standards focus on pollutants discharged into
POTWs. The Japanese effluent standards set maximum permissible
levels for more than a dozen pollutants that can be emitted
from any source into Japanese waters. These standards are
summarized in Table A-8.

Japan has also promulgated water quality standards to
ensure that the pollutant concentrations of a particular

A-12
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' TABLE A-8. JAPANESE EFFLUENT STANDARDS
Pollutant Permissible Limit
_' Cadmium 0.1 mg/1
Cyanide 1 mg/1
l Organic phosphorus 1 mg/1
' Lead 1 mg/l
Chromium (VI) 0.5 mg/1
' I Arsenic 0.5 mg/1
Total mercury 0.005 mg/1
>—l PCB 0.003 mg/1
| pPH 5.8-8.6 (water other than
coastal)
5.0-9.0 (coastal waters)
! BOD, CODl 160 mg/l (daily average
120 mg/1)
Suspended solids 200 mg/l (daily average
150 'mg/1)
; Phenols 5 mg/1
\ Copper 3 mg/1
’ Zinc 5 mg/1
Dissolved iron 10 mg/1
Dissolved manganese 10 mg/1
W Fluorine 15 mg/1l
Coliforms 3,000 per cc2
1BOD is for waters other than coastal and lakes; COD (chemical oxygen

for coastal and lakes only.

2Daily average.
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body of water do not exceed certain levels. These standards
are similar to U.S. water gquality standards in that they

specify the level of pollutants in a general class of receiving

waters. In areas that exceed their prescribed water quality
standards, the Japanese government may place more stringent
control on local industrial effluents on a temporary or
permanent basis.

A.4 Materials Compatibility. A critical part of this
investigation concerns the compatibility of extinguishing
agents, smoke-generating chemicals, combustion byproducts,
and materials used in the construction of the trainer itself.

Incompatibility of these materials could result in the following

conditions:

. Chemical reactions of individual fire-extinguishing
and smoke-generating chemicals in mixtures and
among themselves

. Decomposition of individual fire-extinguishing and
smoke-generating chemicals in the presence of heat

. Decomposition of mixtures composed of fire-extin-
guishing and smoke-generating chemicals in the
presence of heat

. Chemical reactions of individual fire-extinguishing
and smoke-generating chemicals with byproducts of
combustion.

Compounds resulting from such decomposition or chemical
reactions may be toxic or otherwise hazardous to health;
combustable; environmentally undesirable; or corrosive,
causing clogging, obscuration, or harming the trainer
itself. Therefore, certain constraints should be placed on
the specific materials used in the 19F1.

A.5 Solid Waste Disposal. Three key elements of the
solid waste generated from the 19F1 AFFT include spent
OBA canisters, AFFF sludge from the treatment facility,
and PKP. These elements need to be evaluated as potentially
hazardous wastes to assess the Navy's responsibility under
the Hazardous Waste Provisions of the Resource Conservation
and Recovery Act. These provisions set guidelines for the
proper disposal of hazardous materials.
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APPENDIX B
I PERSONS CONTACTED

1. Mr. Leo Albert
Koppers Co., Inc.
Metal Products Division
P. 0. Box 298
Baltimore, MD
(301)547-7467

2. Mr. Andrews
Fargo International
Div. Geoffrey Oberdick, Inc.
Suite 1204
10605 Concord Ave.
Kensington, MD 20795
{301)933-8900

3. Wayne Beveridge
MsA
600 Penn Center Blvd.
Pittsburgh, PA 15235
(412)273-5000

4, Dr. Alfred Borchert
Arco Chemical Co.
1500 Market St.
Philadelphia, PA 19101
(215)586-4700

5. Dr. David Braun
Chemical Engineer
Union Carbide Corp.
Tarrytown, NY
(914)789-2516

° 6. Bruce Bright

[ Organic Chemist
Shell 0il Company
P. 0. Box 4320
Houston, TX 77210
(713) 493-7313

7. Dr. Jean Capaldi
Industrial Toxicology
Arco Chemical Co.

1500 Market St.
Philadelphia, PA 19101
(215)586-1270

l 8. Philip Casterton
Technologist, Product Safety & Compliance
0il & Chemical Products
: Shell 0il Company
l P. O. Box 4320
Houston, TX 77210

(713)241-6161




10.

11.

12‘

13.

14.

15.

l6.

17.

Joyce Chutko
Church and Dwight
Piscataway, NJ
(201) 335~-9750

Mr. Dennis Compton
Division Chief, 1
City of Phoenix

Fire Department Training School

Phoenix, AZ
(602)262-7018

Curtis Cordell

Maval Training and Education Center

QOrlando, FL
{305)646-5673

William Dee
Senior Branch Chief

Aberdeen Proving Grounds, MD

(301)671-2922

Dr. Kevin Dillon
Union Carbide Corp.
Tarrytown, NY
(914)789-5512

Dr. Jean DuPre

Chemical Engineer

Rohm & Haas Co.

727 Norristown Road
Spring House, PA 19477
(215)641-7000

General Ordnance Equipment Co.

Div. Smith & Wesson Inc
P. 0. Box 11211
Freeport Road
Pittsburgh, PA 15238
(412)782-2161

Mr. Kenneth J. Grosnick
Smith & Wesson Inc.
2100 Roosevelt Ave.

P. O. Box 2208
Springfield, MA
(413)781-8300

W. C. Hammersley
Industrial Specialist

Hampton Roads Sanitation District

P. 0. Box 5000

Virginia Beach, VA 23455

(804)460-2261
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18.

19,

20.

21.

22.

23.

24.

25.

26.

Louis Kravetz

Senior Research Chemist
Shell 0Oil Company

P. O. Box 4320

Houston, TX 77210
(713)493-7311

Mr. Arnold M. Livingston
Tifa Ltd.

50 Division Ave.
Millington, NJ
(201)647-4573

Naeem Mady
Ciba-Geigy Co.
Ardsley, NY
(914)478-3131

Mr. Ed McCrory

Union Carbide Corp.

Chemical and Plastics Division
Hackensack, NJ

(201)646-6705

Jack Moss

Toxicology Department
Rohm & Haas Co.

727 Norriston Road
Spring House, PA 19477
{215)641-7000

Mr. Frank Nichols
President

Superior Signal Company
P. 0. Box 96

West Gregstone Rd.
Spotswood, NJ 08884
(201)251-0800

Dr. William Niehaus
Union Carbide Corp.
Tarrytown, NY
(914)789-2232

Ed Pabst

Sierra Fire Equipment Co.
3804 S. Broadway Pl.

Los Angeles, CA 90037
{213)232-3131

Mr. Andy Pepper
Aladdin Theatrical Supply
Philadelphia, PA

(215)467-7550 :
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27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Martin Perl
Shulton, Inc.
Clifton, NJ
(201) 365-6165

Roger Peters

Technical Advisor
Surfactants Department
Stepan Chemical Co.
Edens & Winnetka Rds.
Winnetka, IL 60093
(312)446-7500

John C. Phillips

Organic Technical Service
BASF Wyandotte Corp.

100 Cherry Hill Road
Parsippany, NJ 07054
(201)263-3400

Rudolf Pinter
Pyro Chemical Inc.
Boonton, NJ

(201) 335-9750

Mr. William Quock
Dow Chemical Co.
Pittsburgh, PA
(713)238-1066

Sandra Reiss

Industrial Toxicologist
BASF Wyandotte Corp.
Wyandotte, MI 48192
(313)282~-3300

Robert J. Repinsky
Chemidyne Corp.
Kent, Ohio
(216)678~8363

Dr. Jack Riley
Ansul Corporation
Marinette, WI
(715)735-7411

J. Harold Saylor
Proctor & Gamble Co,
Cincinatti, OH
(513)763-5274

Dr. Irving Schmolka
Research Associate
BASF Wyandotte Corp.
Wyandotte, MI 48192
(313)282-3300
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37.

38.

39.

40.

41.

42.

43.

44,

Mr. Roy E. Shaffer

Department of the Army

U. S. Army Research & Development Command
Chemical Systems Laboratory

Aberdeen Proving Ground, MD 21010
(301)671-2326

Tina Stavrakas
Union Carbide Corp.
Moorestown, NJ
(609)235-6200

Mr. Edmund Swiatosz

Naval Training and Education Center
Orlando, FL

(305)646-5464

Mr. Bruce Teele

National Fire Protection Association
470 Atlantic Ave.

Boston, MA 02210

(617)482-8755

Dr. Mel VerNooy
Union Carbide Corp.
Tarrytown, NY
(914)789-2251

Mr. Stanley Wagner

Senior Industrial Hygienist °
Arco Chemical Co.

1500 Market St.
Philadelphia, PA 19101
{215)359-2235

Dr. Jack Watts

Fire Science Department
University of Maryland
College Park, MD
(301)454-2424

Mr. Jack Weimer
Toxicology Division
Aberdeen Proving Ground, MD 22101
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APPENDIX C

ONSITE SAMPLING PLAN

This appendix contains an abridged description of
the original onsite sampling plan. The appendix includes
modifications as indicated in the report that were made
to the plan to maximize efficiency of the tests.
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FIRE FIGHTER TRAINER ENVIRONMENTAL CONSIDERATIONS

ENVIRONMENTAL, HEALTH, AND SAFETY EVALUATION
OF THE
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PHASE I1I

FOR

Aavanced Technology Systems
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Environmental, Health, and Safety Evaluation
of the
Advanced Fire Fighter Trainer

On-Site Sampling Plan

This On-Site Sampling Plan outlines Booz, Allen's plannea
actions for on-site testing at Norfolk, Virginia on this
assignment for Advanced Technology Systems (ATS), a division of

the Austin Company, under NTEC Contract No. N01339-79-C-0011-MOD. .
No. P00007.

The On-Site Sampling Plan summarizes the program
to be conducted at Norfolk, Virginia. The plan includes:

. A procedural description of each sampling effort

. A description of the appropriate methodology for each
sampling effort

. The purpose of taking each sample and the relevancy of
the result

. A listing of the intended use of all required
equipment with:

- A statement and/or certificate of calibration
compliance or

- A standard traceability
- The standard operating procedures employed.

. Booz, Allen & Hamilton personnel involved in the
sampling and their respective responsibilities

. The number and type of 19Fl1 simulated runs

. The assistance required from ATS in operation of the
trainer.

The plan includes conducting a series of runs following the

two proposea scenarios (Appendix A)* so that emissions data can
be collected as well as measured values for other events of

interest. The precise smoke and vent timing will be determined
by pretest trials. Specific tasks are:

*Note: Appendix A appears in the original onsite sampling plan.
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. Measuring test cell atmosphere for concentration of
simulatea smoke - Triaryl Phosphate (TAP)

. Profiling temperatures of the test cell in use and
adjacent areas at defined flame temperatures

. Monitoring atmospheric emmissions from each test cell,
making four to six runs each on bilge, deep fat ana
rag bale fires

. Monitoring of CO, CO3, 02 and flammable_gas _
concentrations in the test cell during fire trials to
verify fixed detector responses via recorded traces

. Collecting waste water samples from the effluents of
the test cells. .

Exhibit I displays the detailed explanation of indiviaual
tests, equipment used, purpose of the readings and the
relationship they have to the total objectives of the program.
These plan parameters are further documented in Exhibit II and
Appendix C.* : )

Prior to the initiation of the sampling program, a joint
review of test procedures and test force organization will be
held on site by the ATS and BAE project managers (A. Eoracek
and J. McCambridge). This review will include applicable safetv
and emergency procedures.

Exhibit III outlines the test force organization for the
on-site program. Schedules are included to reflect the work
to be accomplished during both the pretest of 4/24 and the
O.a-site program of the week of 4,/27/81. Additionally, a check
off list for sampling has been composed.

ATS and BAH will provide assistance to NTEC staff in
conducting temperature tests using the sensing equipment avail-
able. These tests will be run at times where the equipment is
free for use (see tentative schedule for on-site testing).

*Note: This appears in the original onsite sampling plan.
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BO0Z, ALLEN C HANILION INC.
DETAILED WORK PLAN

ATS FIRE TRAINING STMAATOR

rn T

RELATIONSHIP TO

EQUIPMENT
—OR_INSTRUMENTATION

DETERMINATION TO DE PRPOSE
_ . WpE  _OF DETERMINATION K ___ MEMODOLOGY

APPRAISAL OF EXPLO~

SAMPLING PUMP,

COLLECT ON
CELLULOSE

ESTABLISH IF A CON-

CONCENTRATION 1S

TAP CONCENTRA-

1TY YO PREDICY EFFECTS

ON HARDWARE, COMMUNI-

CATIONS AND BUILDING

STRUCTLRE _

THROUGHOUT TEST FACIL-

PROVECTIVE GUIDELINES.
DETERMINE PROFILES

SION POTENTIAL AND
NEED TO PROTECT
DEFINE THERMAL EXPO-
SURE TO OPERATORS AND
EFFECTS RELATIVE T0

OPERATORS

ALUMEL THERMOCOUPLES.

WET BULD BLACK GLOBE

THERMOMETER. OMEGA

CHROMATOGRAPH.
ESTERLINE-ANGUS E-
1324E MATIPOINT RE-
CORDER, CHROMEL-~
DIGITAL THERMOCOUPLE

FILTER, AND Gas

FILTER, EXTRACT
WITH ETHER

CHROMATOGRAPHY

AND ANALYZE
WITH GAS

IN DESIGMATED SPOTS
PER ATS DRAWINGS
$K20325, $K20326,
ATTACHED TO MAT)-
POINT RECORDER TO
PRODUCE PERMANENT
RECORD. DIRECT
THERMDCOUPLE FOR
FLAME TEMPERATURE

READING DIGITAL

THERMOCOUPLES PLACED

REACHED THAT COWD
BE DANGEROUS (R
PROVIDE A TARGET FOR
CONTROLLING SMOKE
DETERNINE RATE OF
TEMPERATURE RISE IN
TEST CELL AND PEAK
REACHED DURING RUNS
AND COOL DOWN

GENERATION

CAUSE ADDITIONAL
OPERATING PROBLEMS.

AND AR, ALSO FLAME

TEMPERATIRE OF WALLS
TEMPERATURE

« TEMPERATWRE

DETERMINE WHAT CHANGES
OCCUR IN ATMOSPHERIC
COMPOSITION DURING
DEFINE 1F ANY HAZARD

OF CONSEQUENCE EXISTS
AND IF ADDITIONAL PRO-

TECTION 1S NEEDED FOR
DPERATING PERSONNEL

TEST FIRES. DATA WiLl

g Sou,88
I PHTHELER
239884528
Ll
BT
gs195%
FT
Bh.cdes
B.x 08
FEH R

TEM READINGS. DETER-
HINE IF HAZARDOUS
LEVELS ARE REACMED
BURING FIRE TESTS

TO AUGMENT FIXED SYS-

CARBON MONOXIDE (CO}
CARBON DIOXIDE (COQ)
OXYGEN (02}
FLAMMARLE GASES

. CELL
ATMOSPHERE

EPA METHOD 3 TRAIN

WITH CONTROL AND
RECORDING UNIT

PROVIDE A BASIS TO COM-

TO MEASURE WHETHER EPA MEYHOD 5. TAK-

PARTICULATE MATTER

AT

2.

PARE EMISSION RATE WITH
LOCAL AND FEDERAL REGU-

LATIONS AND SELECTION
OF ENGINEERING CONTROL

METHODS TO MEEV ENIS-

SION LIMITS

ING AIR SAMPLES

STACK EXHAUST,
ING THEM BY
METRIC MEANS

EMISSIONS EXCEED EPA

LIMITS

SEWAGE TREATMENT PLAMTS.
DATA NEEDED FOR PERMIT
AND TO ESTIMATE S11E A
TYPE OF PRETREATMENT
UNIT NEEDED AS NECESSARY

Y LNCAL CODES

PERMITS EVALUATION OF
LDAD WASTE WATER FROM

THESE TRAINING ANITS

WILL IMPOSE UN LOCAL

JTEMS AND PH METERS,

ANALYTICAL BALANCES,
APPROPRIATE REAGENTS

NISCELLANEDUS LAB

CHEMICAL ANALYSIS OF
SAMPLES TAKEN FROM
TEST CELL SUNPS FOL-
LOWING TEST FIRES

AND MASH DOWN

DETERMINE NEED FOR

TO PROVIDE VALUES
FOR FILING WASTE
WATER PERMJT OR TD
PRETREATMENT

SOLIDS, TURBIDITY,

PH, COD, BOD,
BICARBONATES,
TOTAL, SUSPENDED
AND DISSOLVED
SURFACTANTS,
SULFATES, PHOS-
PHATES, TAP

CARBONATES,

TEST QUAD-

FROM EACH
RANT

« WASTE WATER

3. waren
EFFLUENT

1
A

.m'

SARCE: CASE CONSUALTING LABORATORIES,
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PRETEST SCHEDULE
(Tentatively 4/23/81)

The following experimental tests are to be performed to
evaluate the optional candidate concentrations for sensor
detection:

. Foam detection

- Triton X-100 5%
- Triton X-100 10%

- Ultrawet K 5%
- Ultrawet K 10%

. Powder detection by current sensor
- Sodium bicarbonate #2

- Standard Sodium bicarbonate
. Powder detection by Na sensor

- Sodium bicarbonaté #2
- Standard Sodium bicarbonate

The personnel on site will be:

J. Farmer (ATS)
R. Ambrozy (ATS)
M. Halpern (BAH)




EXHIBIT III

TEST FORCE ORGANIZATION

ON-SITE SAMPLING PROGRAMS l

4

Senior ATS Rep. BAH Test Director :
R. Ambrozy M. Halpern i
L

bawmommoo
[ Ama ]
P

ATS Trainer BAH Assessment Case Sampling 2
Operations Team Team 1]

J. Farmer G. McLennan C. Anthony
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Mon.
4/27

Tue.
4/28

Wed.
4/29

Thur.
4/30

8

2

2
10
2

10

a.m.- 2

p.m.~ 5

a,m.-10
a.m.- 2
p.m.- 5
p.m.-10

a.m.-10

a.m.- 2

p.m." 6

a.,m.-12

p.mo- 4

ON SITE TESTING SCHEDULE

p.m.

a.m,
p.m.
p.m.

p.m.

a.m.
p.mO

p.m.

p.m.

p.m.

Travel to site -
Initial setups to UDQ IIX
Prepare extinguishment agents for use

Testing TAP to determine timing/venting
parameters to meet smoke criteria

Group briefing and walk through dry run
Run UDQ II scenarios and temperature runs
Reset test equipment for UDQ I runs

Tentative NTEC temperature tests

Complete equipment setup for LDQ I runs
Run LDQ I scenarios

Follow temperature cooldown

Repeat runs if required
Equipment disassembly

Tentative NTEC temperature tests
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STANDARD QOPERATING PROCEDURES -~ CASE CONSULTING

Our quality assurance program is the basis for compliance
with Good Laboratory Practices reqgulations. These regulations
and practices are formulated to provide uniformity in
operational laboratory functions. They address the fundamental
issues of identification, sample designation, recora keeping,
work flow, test procedures, standardization and reporting.

Attached are pertinent sections* of our Standard Operating
Procedures for the Analytical Chemistry functions which are
responsible for developing the data from the fire fighter
training unit at Norfolk Naval Base. These examples
demonstrate the application of the GLP-Quality Assurance
Regulations we practice in our laboratories.

*Mote: These sections appear in the original onsite sampling
plan.




EQUIPMENT

r , - This section of the manual describes the essential elements

E | of equipment for calibration, standardization and maintenance of
all laboratory materials and equipment. These guidelines pro-

( vide for scheduling periodic checks and recordkeeping.

- Equipment Inventory Index (Exhibit'S)*

! .o This index lists each item of labora-~
| : tory equipment by its identification
number, name and manufacturer.

‘ ' - Laboratory Eguipment Specification (Exhibit 6)*

. .o A form is filled out for’each piece
of equipment-

.o The information on these forms sum—-
marizes the criteria for satisfactory
. performance and specifies the proce-
K dures for Quality Control

.o This form includes test procedures,
reference or calibration standards,
maintenance source and other informa-
tion pertinent to assurance of accur-
acy of measurement.

- Calibration And Maintenance Log (Exhibit 7)*

.o A form is maintained for each instru-
ment documenting periodic calibration,
standardization and maintenance

.o Dated entries are signed, and the
nature of each entry indicated (i.e.,

calibration, standardization, correc-~
tive maintenance, etc.)

*Note: This appears in the original onsite sampling plan.
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These forms are maintained in a
loose—-leaf notebook with each instru-
ment. : :

Instrument Records

A loose-leaf notebook is maintained
for each instrument, or in some cases,
groups of instruments

This notebook contains a copy of the
Laboratory Equipment” Specification
form and the Calibration and Main-
tenance Log applying to that instru-
ment, certifications of manufacturers
or outside contractors performing
periodic calibration and maintenance
and instruction books.

Use Calibration

Spectroscopic instruments generally
require calibration at each use

Since guantitative spectrochemical
analysis methods are generally com—
parative methods involving measure-
ments relative to those of a mate-
rial or materials of known composi-
tion, there are no absolute gquanti-
tative measurements on which cali-
bration is generally based

Calibraticon information may consist
of a criteria based on detection limits

. or a particular measurement of a

‘reference material under specific

conditions, which can serve as indi-
cation of proper functioning of a
system or a given component of that
system

Typical data may be given on the in-
dividual calibration log forms as
representative of calibration

The above applies to instruments
such as AA/flame emission spectro-
photometers, IR spectrophotometers,
visible/ultraviclet spectrophotom-
eters and gas chromatographs

C e Tt et arimad
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.o Documented evidence of performance
and operation of these instruments
is shown by satisfactory results by
gualified personnel on a particular
instrument or for a given procedure.

Calibration Labels

.e Labels bearing the date of last cal-
ibration and the date of the next
scheduled calibration are affixed
where size and shape of the appar-
atus permits

.. These are initialed by the person
performing the calibration.

Calibration Scheduling And Procedure

Scheduling of calibration and rou-
tine maintenance is contracted by
means of a monthly index marked by
the Manager

. On the first working day of the
month, the Manager notifies the
technical staff member of the
equipment, - date and action schedule
for the assignment

.- The Manager then reviews the records
at the end of each month to insure
that the regquired work has been per-
formed

. This allows sufficient time to call
in outside services, if applicable,
preparation of QA standards and
arranging work schedule to allow
time to perform the scheduled serv-
ice. :

TR



ITEM:

MANUFACTURER:

RANGE :

CALIBRATION
FREQUENCY :

CALIBRATION
METHOD:

REFERENCE
STANDARDS:

MAINTENANCE
SOURCE:

ACCESSORIES:

ROUTINE
MAINTENANCE:

DESCRIPTION:

;

LABORATORY EQUIPMENT SPECIFICATIONS

Analytical Balance IDENTIFICATION #:
Certling LOCATION:
0 to 200 grams MODEL:
SERIAL #:
Every 6 months by Metxo
Balance Corparatian
PRECISION:
Metro Balance Service, Inc. ACCURACY:

See attached.

Record 1 Christian Becker
Class S weight (150 mg)
each day in logbocok

Bureau of Stardards set of
weights

Metro Balance Service, Inc.
Box 123

Old Bridge, N.J. 08857
(201) 238-0777

None

weights hnﬂ:adtens,m&and&ac:.gmrsamsetby
thefzmt balan::e VWeights fram- 0.0000 to 0.1000
read from an illuminated, analog screen on the front of

Q8%
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6.

Standard Test Method

1]

Scope: .

This meéthod is applicable to all weighing instruments where a weight can be placed
in or on the instrument, and its attendent mass indicated by balance point, dis-
pPlacement, dial, scale, graticule, digital counter, or other sinuar: Oevices, when
such instrument is considered to be in baiance ,

Principle ahd/or Reference: ° | . }

The method is based on comparing the ‘indicated mass of a standard wd.ght versus th:
certification value of that mass, this value being correlated through the transfer
standard to N.B.S. certification by means cf the manufacturer's certificate suppli.

with the standard welght set.

Refermce - NCBOSO Cim.\la.t # 547

Conditions:

The weighing instrument shall be coperated in accordance with the manufacturer's
instructions and shall be situsted envircmentally so as to be substantially clean
and not subject to undue v:lhtation, such as would interfere with prope: readings.

Accuracy of Standard

The standard weights shall be considered to be transfer (working") mass standards
with manufacturer’s certification attesting to their having been adjusted to meet
N.B.S class S tolerances.

Apparatus:

S.l Set of certified Claas S weights or better - 100 grams set.

Standardizaticn.

6.1 If necessary, corrections for buoyancy may be taken into account..

Procedure:

Step 1. Place one of the smaller weights of the weight set at or on that
part of the welghing instrument where samples are normally placed.
{The exact weight chosen shall be dependent on the lower working
range of the particular instrument under test).

Step 2. Adjust, release ar displace on the weighing mechanism of the
particular instrument, in accordance with the manufacturer's
instructions, such that the mass of the standards weight is indicated.

Step 3. Observe the indicated weight and adjust.

Step 4. Repeat the above steps with increasingly larger standard weights, until
the entire weighing range of the instrument under test has been exand.ned
using at least five mass increments.

" Step S. When the range of the instrument under test considerably exceedsg the

total usable mass of the standard weight set, other weights may be
standardized against the certified weightsg, thus creating "'rutpoz-u:yﬂ
transfer standards that may be aggregated to cover the usual range of’
the weighing device in question.

Calculations/Conclusions:

8.1 Duplicate cbservation as recorded in Step 3, will agree with each oth:r and
with the certified value of the standard weight, to within + - 1 readable unit,
as specified by the manufacturer of the instrument under test.

PRSI W ]




i CALTBRATION

CALIBARTION
METHOD:

LABORATORY BQUIPMENT SPECIFICATIONS

pH Meter IDENTIFICATION #: 193
Fisher Scientific Company LOCATION: Lab
Nommal Expanded MODEL: Accumet 320
0 to + 1400 0 to + 140 mw
Otol4pH OtoIl.4pH
SERIAL #: 251
PRECISION: Normal  Expanded
Each use 0.025 Ph 0.0025 pH.
2.5 v 0.25 mv
1) Electronic test for ACCURACY : Normal QEnds;cd :
meter operation 0.05 pH 0.005 pH
2) Two buffers that bracket 5mv 0.5mv

the pH of the sample
record in logbook

Certified pH standards available
commercially.

Fisher Scientific Company
52 Fadem Road
Springfield, N.J.
(201) 379-1400

07081

None

Maintain reference electrode filling
solution level. Check each use.

The pH meter has all solid state circuitry.
In the normal mode, it covears the 0 to 14 pH
range or the 0 to + 1400 mv range. In the ex-

nmode, it covers any selected 1.4 pH
span or 140 mv span.

™




LABORATORY W SPECIFICATIONS
l . ITEM: Turbidimeter IDENTIFICATION #: 194
MANUFACTURER: Hach Chemical Co. ' LOCATTON: 1ab
RANGE: 0.0 - 1.000 NTU MODEL: 2100 A
CALIBRATION SERTAL #: 513
FREQUENCY : Each use
‘ ! PRECISION: + 2% of full scale
: CALIBRATION
METHOD: Use Hach standards
ACCURACY : + 2% of full scale
REFERENCE .
( STANDARDS : Hach Turbidity Standards Kit

MAINTENANCE
SOURCE: Hach Chemical Co.

P.O. Box 907

Ames, Iowa

{515) 232-2533
AQCESSORIES:
FOUTINE
MAINTERANCE:
DESCRIPTION: Measures the turbidity of liquids.




L

LABORATORY EQUIPMENT SPECIFICATIONS

T ——————————

Atcmic Absorption Spectro— IDENTIFICATION #: 170

po

Perkin-Elmer Corporation LOCATION: Lab

Variable MODEL: 403
SERIAL #: 42418

Each use PRECISION: Variable
ACCURACY s Variable

Aspiration of standard
solutions

Cammercially certified
standards or equivalent.

Perkin-Elmer Corporation

511 Boulevard, P.0O. Box 451
Elmwood Park, N.J. 07407
(201) 796-9400

4) Perkin Elmer Mercury Analysis System #303-0832

Light each lamp at least cne hour per nonth

See attached.

!f




ATTACHMENT — Atomic Absorption Spectrophotameter (403)

This spectrophotometer is a double beam instrument which is
designed to measure concentrations of metallic elements by
aspiration into a flame. The readout can be taken on a recorder
and/orbyd:.gxtalda.splaymtmsofabsorbame,percaxt
transmission or concentration. The instrument features scale
expansion, scale campression and curvature correction for non—
linear calibration curves. A Deuterium Arc background cor-
rector is used to eliminate same types of interference. Two
accessories allow the flameless determination of mercury, as
elemental mercury and selenium and arsenic as the gaseous
hydride.
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LABORATORY EQUIPMENT SPECIFICATIONS

+ ITEM: Stack Sampler _ IDENTIFICATION ¢:

m———

' MANUFACTURER:  Research Appliance Corp. LOCATION: Chem. Lab
Allison Park, PA _ Y

RANGE : MODEL: 2373-D -
] . . .
CALIBRATION ' ?J
FREQUENCY: Periodic check on gas SERIAL 3: )
flow meter -
i ‘ '
i CALIBRATION
‘ : METHOD = Standard flow meter or PRECISION: #a

wet test meter

cermene .

! REFERENCE
| STANDARDS : ACCURACY : 2.8
| MAINTENANCE
! SOURCE:: R.A.C.
b Allison Park, PA
i

ACCESSORIES: Series of orifices to cover air flow ranges.
ROUTINE

MAINTENANCE: None

DESCRIPTION: Sampling train and control unit for EPA Method 5,

emissions from stationary sources.

S




l : LABORATORY EQUIPMENT SPECIFICATIONS
! Analyzer ) $
p |
* MANUFACTURER: Teledyne Analytical LOCATION: Chem. Lab
‘ Instruments
San Gabriel, CA
RANGE : Oxygen: 0-30% MODEL: 980 .
i ! Combustible Gases: 0-5% :
CALIBRATION )
FREQUENCY : As used SERIAL §: 1479
L
1
i CALIBRATION
: METHOD : Standard gases PRECISION:
i
| REFERENCE
| STANDARDS : Air for O3 ACCURACY : : 0.2%
! ‘ Propane in air for
: combustion
| MAINTENANCE
{ SOURCE: J. Koch & Assoc.

! Blackwood, NJ

ACCESSORIES: None

ROUTINE
MAINTENANCE: Check cell life periodically.
Keep batteries charged.

DESCRIPTION:. Analyzer for oxygen and combustible gases in air.

)




LABORATORY EQUIPMENT SPECIFICATI

- | . r

: ITEM: Carbon Monoxide::Analyzer IDENTIFICATION #:

| : o
;MANUFACTURER: Riken LOCATION: Chem. Lab
RANGE : 0-1% MODEL: RI-550A

0-5% .

" CALIBRATION : U
FREQUENCY: Daily when used SERIAL £: ;
i
i CALIBRATION
: METHOD : Standard gases PRECISION:
i
]
| REFERENCE
| STANDARDS : CO span gases standards ACCURACY: + 2% of full sc
! ‘in air or N2 - .]
| MAINTENANCE
: SOURCE: CEA Instruments
' Westwood, NJ
ACCESSORIES: None
ROUTINE
MAINTENANCE: None
DESCRIPTION: Non-dispersive infrared analyzer.

- —-. T . : ) l i _ I .I .IM




* MANUFACTURER:

RANGE: 0-2%
0-10%

'CALIBRATION

FREQUENCY:

| CALIBRATION
: METHOD:

i MAINTENANCE
i SOURCE :

1

i

ACCESSORIES:

ROUTINE
MAINTENANCE:

DESCRIPTION:

}

LABORATORY EQUIPMENT SPECIFICATIONS

+ LTTEM: Carbon Dioxide Analyzer

Riken

Daily when used

Standard gases

CO, span gas standards
in air or N3

CEA Instruments
Westwood, NJ

None

None

IDENTIFICATION #:

LOCATION: chem. Lab

MODEL: RI-556A

PRECISION:

ACCURACY: + 2% of full scale

Non-dispersive infrared analyzer.




BAH Personnel Involved in the On Site Sampling

and Their Individual Responsibilities

Name Responsibility
Dr. Marc Halpern® Coordinate activities and act as a
liaison between ATS, BAH, and case
personnel.
Mr. George McLennan Maintain contact with other BAH staff

and test director, assist in
temperature profiling and be supportive
to emissions monitoring as required.

Ms. Sara Armentrout Monitor hard copy data from ATS
detection equipment in control room.

Ms. Christine Evanik Monitor hard copy data from BAH
detection equipment.

Dr. Adrienne Zahner Monitor temperature sensing equipment
and record relevant supportive
information.

* BAH Test Director. Direct and control all BAH and
Case Consulting Laboratories’ personnel on-site.

Case Consulting Personnel

Mr. Charles Anthony, President of Case Consulting
Laboratories, Inc., will be in charge of the program and be
actively participating in the laboratory and field
determinations. He is a highly experienced chemical engineer
with extensive work in evaluating atmospheric contamination
problems, water pollution, fire protection engineering ana
explosion prevention.

Dr. Robert Barnes, Manager of Chemical and Analytical
Services, will direct the chemical determinations of the
collected samples. He is a highly qualified professional with
a Ph.D. in analytical chemistry and has directed numerous
programs in laboratory experimental procedures to determine
reactivity of materials and the determination of pollutants in
air, water and soil,.

Mr. Leonard Mackowiak, manager of Product ana Material
Services, will be airecting the field sampling work supported

- 2a - — . : k. . .
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by suitable technicians. He has conducted several air
monitoring sampling programs and is well experienced in
instrumentation, experimental set up to measure events and
interpretation of recoraded data.

Mr. Frank Ellison, a senior research chemist, will be
making the laboratory determinations on the field collectea
samples. Mr. Ellison has more than 25 years of highly
diversified laboratory background and is an expert in trace
compound determinations in water, air and commercial products.




BAH PERSONNEL LOCATIONS DURING TESTS

LDQ I Scenario

M.
G.
S.
cC.
A.
C.

Halpern
McLennan
Armentrout
Evanik
Zahner
Anthony

Case Tech I
Case Tech II

UDQ II

M.
G.
S.
C.
A.
c.

Halpern
McLennan
Armentrout
Evanik
Zahner
Anthony

Case Tech I
Case Tech II

Note:

All personnel
performance.

Control room

Mobile to exterior of facility where needed
Control room

Outside LDQ I

OQutside LDQ I

Outside roof level

At QI stack-roof level

Qutside - LDQ I

Control room

Mobile to exterior of facility where needed
Control room

Outside - UDQ II

Outside - UDQ II

Outside - roof level

At Q II stack - roof level

Outside - UDQ II

will be outside the facility during test
However, the Navy will provide eight (8)

OBA units for emergency use and Booz, Allen will reimburse
the Navy for any canisters used.




Number and Type of 19F1 Simulated Runs

- Two separate series of 4-6 runs are planned for the 19Fl.

Each series will be based on actually following and carrying
out the training scenarios formulated by ATS/BAH with the con-
currence of NTEC. These scenarios realistically simulate the
proposed training scenarios in Lower Deck Quad I and Upper Deck
Quad II. (See Exhibits A-I and A-II.)*

\ Integrated waste water and particulate samples as outlined
| in Exhibit II will be taken for each set of scenario runs (with
each foam) including a 2 minute washout of the facility after each
run. Stack emissions will be continuously monitored by both ATS
3 and BAH detection equipment. The air emissions data will be
) : recorded separately for each run. Additionally, a blank water
sample will be taken and subjected to the same battery of tests
as the actual wastewater samples. Smoke concentration samples
(TAP) will be collected as an integrated sample over each set of
scenarios.

\ At least four runs will be performed to develop temperature
profiles. The intention will be to conduct these temperature
tests concurrently with the runs following the Lower Deck Quad I
and Upper Deck Quad II scenarios. The temperature data will
continue to be collected for several hours after the scenario
runs to observe the building cooldown. A series of seven sample
sites (including a WBGT) will be monitored for temperature.
These sites will utilize either continuous temperature monitors
with hard copy or maximum temperature indicators (as cited in ATS
Drawings SK20325 and SK20326 in Appendix B).*

*Note: This appears in the original onsite sampling plan.




ATS Assistance Required in Operation of the Device

The ATS personnel will be an integral component to the
successful completion of the on-site testing. ATS will be "
required to assist in two key areas:

. Control room operations )
. Performing the firefighting scenarios.
ATS staff will operate the device as weil as the remote -

equipment such as the ventilation equipment. ATS will al;o
provide the manpower (familiar with the designated scenarios)
to conduct the training exercises.




) Method No.

EPA 5
10

1 105.1

| 160.1

» _ 160.2

160.3

180.1

405.1

x 410.1

( 425.1
403

365.2

. 375.4

NIOSH S 210

. *Note: This

P R

APPENDIX C*

Reference Methodologies

Contaminant

Particulate Emissions
Carbon Monoxide Emissions
pH

Residue, Filterable
Residue, Non-Filterable
Residue, Total

Turbidity

Biochemical Oxygen Demand
Chemical Oxygen Demand
surfactants

Carbonates

Phosphorus

Sulfate

Triphenyl Phosphate

appears in the original onsite testing plan.




(6)

UDQ II Run

( ) = Optional

Foam
Foam
Foam
Foam
Foam

Foam

ON-SITE SAMPLING CHECKLIST

Triton X-100/Powder - Sodium Bicarbonate #2
Triton X-100/Powder - Sodium Bicarbonate #2
Triton X-100/Powder - Sodium Bicarbonate #2
~ Ultrawet K/Powder - Sodium Bicarbonate #2
~ Ultrawet K/Powder - Sodium Bicarbonate #2

~ Ultrawet K/Powder - Sodium Bicarbonate #2

The following protocols will apply:
. Air emissions to be monitored for each run above

. Temperature tests to be concurrently run with the
above runs

. Integrated smoke sample to be collected during above
runs or under a separate run

. The quadrant will be washed down after each run for
2 minutes.

. A wastewater sample will be taken after the whole set
of runs and washdowns for each candidate foam.

i
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ON-SITE SAMPLING CHECKLIST

ILDQ I Run

1l Foam - Triton X-100/Powder - Sodium Bicarbonate #2
2 Foam - Triton X-100/Powder - Sodium Bicarbonate #2
(3) Foam - Triton X-100/Powder - Sodium Bicarbonate #2
4 Foam - Ultrawet K/Powder - Sodium Bicarbonate #2
' 5 Foam - Ultrawet K/Powder - Sodium Bicarbonate #2
i ! (6) Foam - Ultrawet K/Powder - Sodium Bicarbonate #2
( { ) = Optional

The following protocols will apply:

. Air emissions to be monitored for each run above

. Temperature tests to be concurrently run with the
above runs

t S . Integrated smoke sample to be collected during above
' runs or under a separate run

‘ . The quadrant will be washed down after each run for
- 2 minutes.

. . A wastewater sample will be taken after the whole set
; of runs and washdowns for each candidate foam.

NOTE: A blank water sample will be collected from a supply source
to the facility

|
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APPENDIX D

RECOMMENDED SUBSTITUTE SPECIFICATIONS




ARCO Chemical Company & > Mgterial Safety Data Sheet

' ARCO Chemical Company requests Customer to study this Data Sheet and become aware of Product hazards. To promote safe
handling Customer should (1) notify its employees, agents and contractors of the information on this Data Sheet, and any .
Product hazards and safety information, (2) furnish a copy of this Data Sheet to each of its customers for the Product and (3)
request such customers to notify their employees and customers for the Product of the information on this Data Sheet and any l
Pl Product hazards and safety information. ]

Manutacturer's name ARCO Chemical Company Material name
@Division of Atlantic Richfield Company Ultrawet K |

Section | - General

Manutacturer's address Emergency teiephone (24 hour) |
1500 Market Street, Philadelphia, PA 19101 (215) 353-8300
Name (brand-trade) and synonyms Chemical family
Ultrawet K Linear Alkyl Aryl Sulfonate
Section Il - Summary - -~ KLU
ot hazardous informations - AUTION -- MATERIAL IS A MODERATE SKIN AND EYE HAZARD. :
‘ No data Mildly irritating to mucous membranes. Fatiguing agent
to skin of humans.
‘ . . Al and Boiling point (°F) |Evaporation rate (ratio of time) Other
datz N/A { N/A = 1) N/a
| :lx“ovH pressure incompatibility (materials to avoid)
) at 70 *°F) N/A
Y;go:r gmmy Stability Conditions to avoid |
360-9° F)  N/A (x ) Stable ( ) Unstable . o f
Sg%ﬂ;c1gnvr-v Q.5 Hazardous polymerization may]Appearance and odor \
2392 F) £ 25°C ') Occur (x ) Notoccur fiight, cream colored flakes with bland odor. :
Volatile characterisiics Eazardous decomposition progucts :
. rimarily carbon dioxide and small quantities of oxides of sulfur.
( Soiubility in water '
. . Lower flammable limit Upper flammabie limit
o i ° Flammable limits at normal
- and explosion data Flash point (°F) N/A atmos. temp. and pressure N/A N/A
~ (method used) ( ) {% by volume in air)
Autoignition temp. (° F) |Extinguishing media
N/A ater, foam, carbon dioxide.

Special fire fighting procedures

For fires involving this material, do not enter any enclosed or confined fire space
without proper protective equipment including self contained breathing apparatus.

Unusual fire and explosion hazards

Combustible when in direct contact with flame.

Note to physician
reat symptomatically.

Section V - First aid and:.~
emergency proceduress. -

Eye contact p],gh eyes with low pressure water for at least 15 minutes. If irritation
Skin contact nergigts, seek medical attention. 4
Skin: Remove from skin with copious amounts of water; seek medical attention

if irritation persists.

—~— B

] inheiation  Thig material is not expected to present an inhalation hazard.
t .
3 i ] Ingestion  This material is not expected to present an ingestion hazard.
[
P
i Adapted from USDL Form OSHA-20 — May 1972 N/A = Not spplicable Important: See reverse side for disclaimer
l “ ARCC-1798 (10-78) Front
t 1 Page 1 ___of 2
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Material name

MSDS Ultrawet K

calth ha May cause eye and skin irritation u‘pon direct contact.

Primary hazard

Route of .
exposure Aftected Signs and symptoms

Eye contact X This material may cause minor eye irritation upon direct contact.

Skin writaion | X This material may cause minor irritation following prolonged direct
contact. “u
Inhalation
Ingestion

»
f PP

Skin absorption

Iiiiiiii'illllllllllllB
MashiishalobsotibatdURIll Sweep and shovel into container. Wash residue with plenty of water.

Eftects of overexposure
Excessive direct contact with eyes and skin will cause irritation.

e alat

recautions if material is spilled or released

.
B »
Lt

pro

Section Vil - Special .-

4 «
RPN LN

Waste disposal methods

IRadfLIrpesincineration with other refuse. Material may be

dihetegrwith-plenty. ofsmetensint® sanitary sewer. This product is Y

- s Vo

Ventiation ] . 1
: i
Use in well ventilated areas.

tection informatiar=> « £

Eye protection ,j
Chemical type goggles or face shield should be worn when eye contact ’
is likely. .J

Skin protection 1

Avoid prolonged or repeated skin contact, and use good personal hygieneL

Respiratory protection

MESA-NIOSH approved respiratory protection for dust should be used if '
airborne dust is generated when handling product. [

Section IX — =~ .
Handling and storages.® ~~ ﬂ

Other protection
;

Store in cool, dry area.

General commaents
N/A

Date 1ssued

April 1979

Disclaimer ot Liability
As the conditions or methods of use are beyond our control. we do not assume an i i i

'8 CO ' . . y responsibility and expressly disctaim
any lubvmy for any use of the material. Information contained herein is believed to be true and accurate but ail s¥atoments
or suggestions are made without any warranty, express or implied. regarding accuracy of the information. the hazards
connected with the use of the material or the resuits to be obtained from the use thereof.

ARCC-1798 (10-78) Bacx ) N/A = Not applicable Page 2 of 2
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Solvents and

Specialty Chemicais Division of AtlanticRichfieldCompany

1500 Niarket Street
Philacelphia. Pennsylvania 19101

Ultrawet® K Surfactant

ULTRAWET K surfactant is a biodegradable sodium linear alkylate sulfonate flake. This
product exhibits the excellent quality and performance characteristics typical of the com-
plete Ultrawet surfactant series. Ultrawet K surfactant is recommended for use in various
industrial and heavy-duty household detergent applications. '

BIODEGRADABILITY

ULTRAWET K surfactant easily satisfies any known existing standard for biodegrada-

" bility.

TYPICAL PROPERTIES

Physical Form Cream Colored Flake

Active Ingredient, Dry Basis

wt. % 91
Moisture, Wt. % 1.1
pH (10% Solids) 7.8
Color, Klett-Summerson
(10% Solids) 125
PACKAGING
Polyethylene Lined Paper Bags 50 lbs. net
55~-gal. Fiber Drums 200 1bs. net
=10
The ACrmatsn .2 thig Duietn & 281.2.8¢ 15 08 ACIUrar@ B.t @n "@23 MARC31. "8 1°8 1malé 4 'mAL! W@rrart,, Sinte re
CeNGitions of 3B ate sovorg 2RSS Toe™moa SomLang s soitis Tha el et LaTTalL e TTee AT St greaudt
spec: i Calons. ASCO Cram ca: Comoamy 222 amy 3%y nak. 1y e sornent ttw pé 3T ITA L REDTMGNLA LS UOes At
HATANT 3GRIZS AP TENT Sy ‘3807 SHevm L@ 0t any Sf LT raguiS M TIMT T T 1Tt ma ematen i N n an nroless.




Specialty Chemicalis

Division of illanticSichrieidCnmpany
12CC larket Sireet
Philageipnia. Pennsylvania 19101

. —d

Effective July 1. 1981 (Superseding April 1, 1981)

Price Per Pound

ULTRAWET DRY PRODUCTS
DRUM DRIED LAS FLAKES

- .m:-—J: \..-J‘ 1Y .—_1‘

LESS THAN
PRODUCT FORM PACKAGE NET WT. T/L_ (1) T/L (2)
Ultrawet K Flake bag 50 1b. 80.0 75.0
Ultrawet K Flake fiber drum 200 1b. 85.0 80.0 )
Ultrawet K Dense Powder fiber drum 220 1lb. 85.0 80.0 -+
Ultrawet KX Flake fiber drum 200 1b. 85.0 80.0 l
Ultrawet DS Flake bag 50 1b. 80.0 75.0 )
Ultrawet DS Flake fiber drum 200 1lb. 85.0 80.0 ,
Ultrawet DS Dense Powder fiber drum 220 1lb. 85.0 80.0 ’
Ultrawet SK Flake . bag 50 1b. 48.0 43.0 7
Ultrawet SK Flake fiber drum 200 ?b. 51.0 46.0 B
902 ACTIVE DRUM DRIED AOS FLAKE -
Ultrawet AOK Flake fiber drum 180 1b. 1.00 96.0 J
ULTRAWET LIQUIDS |
LESS THAN |
PRODUCT FORM DRUM NET WT. T/L (1) T/L(2) BULK(3)
Ultrawet 30DS Liquid 480 1lb. fiber 31.0 27.0 19.0 N
Ultrawet 45DS Liquid 480 1b. fiber 35.0 31.0 23.0 :
Ultrawet 42K Slurry 480 lb. fiber 35.0 31.0 23.0
Ultrawet 45KX Liquid 480 1lb. fiber 35.0 31.0 23.0
Ultrawet 60L Liquid 500 1b. fiber 55.0 51.0 43.0 -~
Ultrawet 68KN Slurry 450 1b. fiber 52.0 48.0 40.0
Ultrawet 40SX Liquid 530 1b. fiber 27.0 23.0 15.0 .
Ultrawet 60K Slurry 480 1lb, fiber 43.5 39.5 53.0 (4)
Ultrawet 99LS Liquid 450 1b, steel 65.0 61.0 53.0
Ultrawet N Liquid 450 1b. fiber 79.0 75.0 67.0
(1) F.0.B. Warehouse Shipping Point
(2) F.0.B. Producing Point 24,000 1b. min.
(3) F.0.B. Producing Point 2,000 gal. min.
(4) 1007 Active Basis in Bulk

Prices and Te ms are susiec! 10 Shange v mut mat 12




YR

Rt

TS S e wEa A W

i
!
)
- = ‘$Y

R" -‘._’\\'4 \A’ .t ’A.‘

;.D. J"'.:, .\'5‘4")

NOHIONIC SURFACTANT
I'RITON X-100 is a biodegrzdable liquid anhy drous 100-percent active nonicnic surface-aciive agent.

15 chenmiical composition is 3 water-saluble isoocty!

phenoxypel ct‘ oxy2athanol containing an average of
10 micles of ethy lene oxide. TRITON X-100 is us:f; 1408

ifer, et 1ing agent. and detergent.

TYPICAL PROPERT!IES (These do not constitute speci/icativns)

Ciear Hiud
100
\siyd
o) s e 25°C 240

__.. "OF)
i25°C 1.365
' aien) 60 80
. reus S luvion) 63 a9°C
8.9
:g. Cr2a Cup), °F > 300

2 in all propostions at 23°C in water, benzene, toluene, xylene, trichloroeihy-
Wi ether, ethyl aleohol, icopropyl deohol, cibiviene dichionde cnd most odher
reining one percent or five percent TRITON X-100 in 40 percent phesphoric acid
hlcnc aoid are stable at least 48 hours at room temperature. The product is in-

al spirits, and V.MLUP. stzphitha uniess a coupling sgont s used. Oleic acid is an

220l t for FRITON X-100 in systems based on keresene.

CHPATIZITY

Y RITON X-100 is compatible with anionie, cationic, md noajenic surface-active agonts. Like other alkyl
aryl polyether alcohols, it discelors on dry caustic and anhydious metasilicate: however, TRITON X-100
ven te ased in fcr:m‘l.-:’.w“s‘ contuining moderate quantisies of these dRalics without exhibiting ohjec-
potnstle rsrabitity, (21TON X-100 is stable in the roseosee of the nuld @k 0ne budiders noomadly ome
sod 0 the pregrat 0 of metal clcaners und Cleuning oooorcunds,

atvitis dso offestive inieatile clzuning opera-
N dL\l n—‘j s and trdustiinl Bes foreg Inota2 ke
st be pieforied for wpodialty producis desiznad to ronaove

wealen UG
ons, TRY 'O\ X-114
1y cily ~ails or o display controlled fo wing,

(CS-427 € Rehm and Haas Conapany 1976 Agust 1979
1S persedes CS- 427 1 7%)
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davs fomn Zats are presgntzd in Table L

stry acid amide condensates. Formarkedly reduced fos

m. FRITON X-100

TA3LEI

Ross-7 Flas Foam Hiizts

droduct

Parcant
Concentration

Temperature, °F

Foam :“:'i‘ht 51

imatarg

tnitial

TRITON X-100
TRITON X-100
TRITON X-100

1.0
0.1
0.01

120
120
120

28
110
20

23

25
20

TRITON X-100:

TRITON X-301 at
2:1 ratio, solids 0.1 120 165 95
5asis

SURFACE TENSION

TRITON X-100 exhibits good surface activity as indicated by the lowering of the suifuce tension of
water. The data ziven in Table I were obtuined 5y using a Du Newy ¢

fonswemoter

TABILE H
Surface Tension at 25°C

Oynrazs per Csaviviter

Parcunt Coneentration

1.0 2.1 2.01
TRITON X100 30 30 31

Surface tension of disuillad aater at 257Cis 72 &y nes
per centimeter.

DRAVES WETTING TEST

The Draves Test detemmines the voncaatration of wetting toent socded tosink a &0 ohied cutten shein

in an agtceous sclution in a given time. A 3-grain hoek and a S-gran skein of gray coaon yaon are nced.
The procadure is detailed in the Yearboek of the Amvrican Associstion of Testile Chenists cad Coleists
as Standurd Tost Method 17-52.

O.uly.e

RITON X-100

W2 ).0=87%
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Tloedatain Tuble T Musteste the viscesity of TRITON X-100 ond <o it'mns,

TASLEIN
Viscosity in centipoises
. at Percent Concentiation
—
Temp. 10 20 0 70 50 ats
25°C 2 30 GEL 33 230 : 0
50°C 3 10 110 100 0 30
Ag%Ay
] C/ .
1M NaCl 7 150 640 470 280 -
25°¢/
1M CaCla 7 230 N0 250 310 -

The increased viscosity and gel forimation at concentrations erownd S 0 Sereent are pro-_:n 12 to in-
terference with flow that results from hydraticn of the oxyethylene ether linkages in the iz "~‘=-
effect of increasing temperatures and.or salt concentration is to p:cu:ce partial dehy dration of these
linkages and to allow freer flow. In making solutions. gel formation oo be pravented by +3ding TRILON
X-100 10 warm water with zgitation.

BiICDEGRADABILITY

TRITON X-100 degrades 90 percent or more. as Jotennined from the Toss of £o-702 soonerties in Sver
water die-away tests and in laboratory semicontinuous sctiviied sludge units. Tn further ibaoratory
studies with TRITON X-100. comparable degradation was obseived in continucus sctivited sludge units
and in bench-scale septic tank percolation field units. Ficld tests have confirmed the validity of the lab-
oratory tests. In a full-scale sewage treatment plant, TRITON X-100 was degreded 20 pereent or more as
estimated from the loss of surfactant properties and by cobalt thiocy anate analy sis. Fu tails are presented
in Builetin CS-445,

APPLICATIONS

TRITON X-100 is useful in applications requiring good daterzency and wetting. It may be l:ud to im-
PP ge 2
prove the detergency and wetting properties of formulations Jdcsigned for use in lawdrizs, inmetal clean-

ing, and in specialty items for home and industrial use.

TRITON X-100 offers exceptional hard-surface det;rg;ncy and is reccommendad as a buse ingrediont in
floor cleaners, detargent-sanitizers, liquid hund dishwashing detergants, and metal cleusers. Formulations

are available upon request. KN
TRITON X-1C0 may be added to powdered prodacts to reduce Justiias cod 1o imprne ‘*":_ LY.
Concentrations as low as 0.25 percent are effective. Varicus podered feninulaiioos wiiliz in2upto 10
percent TRITON X-100 may be prepared that retain their free-flowing charactedstics, ©-02ifc rocem-
inendations for adding liquid surface-active agents to powdered preparations are o .latle upon rogtiest.

TRITON X-100 is useful in spplications demunding ripid wetting otion, [‘“15 Sk oetedi e i o
tion with zood Jdutergency on fabrics. mskes the product well suited for ~1 ectidized Lk !
the hand wa<him of ddicm syathenic Subiies. TRITON X-160 :s0 oy Dewecdin o P
tions. ol nulhﬂ \al\. SSC AP tied to -lOWn“' Ll'Oi“.Sior n Pf'it h.’!n'f\‘t trectis s,

I
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VUARMIMNG: CONTACT CAUSFS EYE DAMAGE - CAUSFS SKIN IRRITATION — HARMFULIF
SWALILOYWED

8 :17 evas, Waush thoroughly after hardling. Do not take inte™ Uy, Ramove

.nd fsunder before reweasring. .

In case of conmct, immecdiately flush eyes with plenty of water for at Io st 18 minates and
get srompt medical attention; wash skin thoroughly "vith soap and water. If a ! ;T3¢ amount
{more than about | ounce) is swallowed and victiin is ccoscious, induce v o iting
two gasses of water to drink and sticking fingar dova hrecat. Call physician. Newver dve
anything by mouth to an unconscious pzrson.

KEEP QUT OF REACH OF CHILCREN
TOXICITY: ANIMAL STUDIES

Acute Oral Toxicity (LDeg) in rats: 1900 £ 109 mg/k
Acute Dermal Toxicity: TRITON X-100 was not Iethal to rubhits wren upplic
intact or abraded skin for 24 hours. Slight to moderate irritaticn of skin ocou:
Acute Inhalation Toxicity: Exposure for one hour to air satiratad with vapois gene: s
of TRITON X-100 at 35°C was not lethal to rats. The ne.ningl conueatition was
Eye Irritation: In the unwashed rabbiteye, 3 0.1 sclution o7 A, The irritunt
threshold level in tha eve is 0.3, Imnediate irmization of e fter o ﬂtact ~ith a 10677 squeous
solution grzatly reduced the irritation. which discppeared completaly within a week., Contict of the pro-
dm.t as suop‘x d causes severe irntaticn of the oy

Frwertv-i5 Bighn o kL. the toxicity ,1’ 0‘“?“. r 96 honrs is > 10 g, %k

At lovels of 5.6 ingter und 7 el

Vg under a slezve to

cd from asa mple
ccutiter of adr.

w

. Reaction on Skin: P ch tests with undiluted TRITON X-160 on 20 sub-
jects prcduccd no primary irrtation or sensitization reactions.

NOTE: TRITON X-100, like most organic compounds. should not e used or compounded with oxidiz-
ing or reducing agarts, since such mixturcs may be caplosive.

For additional information or cssistance, con ra..t our tecknical repraeontative,
He will bhe pleased to help vou.

TRITON is a trademark of Rohin and Hazs Compuny or of its vibsi-

dizries or affiliates. The Comrany’s policy is to - gister ns tindemarks

where products desiznated tihorehy ure maikeiad 5y e € AT .
subeidinries ar affilictes.

These suQREstians 3NA J1'3 12 Lotwd 30 infurtathion we it [ sle
Trey are Uiferezd 1N QCOC ‘arth, DUt WwitPoul g liram122, iy L T o SR A - £ §
af usé Of Sur SroJusls 18 S2yuNnd Jur Control, Ve racs. 1hat the celvnec

tive user astermire the suitaniity of our Mat<rid's and s, i, &8 tinng S8f 72 5 <o 0t.
ing themcn g cammmarcial ssale,

Sui,iticns O u3as Of Sur drid Lty v iNa nciusinn of

S3FRts ond 128 CHINBN Bf Hiel i€ et Aty n iRy e
u-z@:e1cod 2 ressmT 2 iag tne 58 of Sur CSreaducty ia -
S 38 SerrtiteCn OF LiCkNsg IC L2 2Ny St 2als of tne I moe g Fas S Ty,

Fiuss2 77




HAZARD RATING: 7
ROHM AND HRRS COMPRNY ¢ = trmage L)
CORPORATE HEALTH AND SAFETY EMERGENCY PHONE 3 = wren 00
2 = MODERATE
INOEPENOENCE MALL WEST 215-582-3000 (ROWM ANC NAAS) 1 = sLienT Heoirh ‘
PHILAQELPHIA. PA 13108 800 «424=9300 (CHEMTRED) 0 = NSIGNIFICANT Seecial
® m CHAQNIC MEALTH HAZARD « SEEL SECTION v
LIST 7 MATERIAL SAFETY DATA SHEET
WATERIAL [£-1-13 FREIGHT CLASSIFICATION ° j
TRITON® X-100 SURFACTANT 6=1572 CLEANING COMPOUND
NOIBN LIQUID
FORMULA CHEMICAL NAME AND SYNONYMS
\_ Qctvlohenoxvoolvechoxvethanol nonionic surfactant Y,
. HAZARDOUS INFORMATION
SUMM ARY WEIGHT % TWA/TLY N\
Octylphenoxypolyethoxyethanol (high health hazard) 99+ None established
\__ _/
C 1l. PHYSICAL DATA )
[ APPLARANCE = GOOR - Pu. VISCOSITY j

Clear viscous liquid;

wild odor; pH of 5% soln. 6-8

240 cps (Brookfield)

MELTING QN FREEZING POINT S0ILING POINT YAPOR SRESSURE (MM We) VAPOR DENSITY (AfR = 1)°
45F pour point 270C (520F) Nil @ 20C 21.0
SOLUBILITY IN WATER PERCENT YOLATILE (8Y wT.) SPECIFIC GRAVITY (WATERA m 1) CYAPORATION RATE (BUTYL ACLTATE = 1)
\Complece 0 ' 1.07 Less than 1l
C_lil, FIRE AND EXPLOSION HAZARD DATA )
ﬁk‘lu POtNT AUTO 1GNITION TEMPERATURE LOWER EXPLOSION LiMtT UPPER £XPLCSION LIMIT N
> 300F (TOC) NA NA % |NA =

£XTINGUISHING MEDIA

~ “ALCOMOL "
l I FOam O AM E coq

- ORY wWATER
X {ernEmicaL l X !ﬁoc Dofutn
SPECIAL FIRE FIGHTING PROCEDURES

Wear MESA/NIOSH approved self-contained breathing apparatus (Schedule 13).
Use water spray to cool fire-exposed containers.

UNUSUAL FIRE AND EXPLOSION HAZARDS
Explosive mixtures may form by compounding with scrong oxidizing or reducing agents.

L

C V. HEALTH HAZARD DATA J
/"RECOMMENOLD R0OMM AND HAAS NEALTH GUIDE TWA [MAXIMUM TIME #EIGNTED AVERAGE SONCENTRATION FON AN B-4OUR WORK PEAICD)
None established

EFFECTS OF OVEREXPOSURE
Direct contact wich the eyes will cause severe persistent irritation. Corneal damage

will occur afrer proleonged contact. Repeated or prolonged skin contact z:ay cause mild
to moderate irrization. Vapors, given off at high temperatures, may cause throat

—.

irritation. This material {s rated a high health hazard due to corneal damage. -
INMALATION

.| Move subject to fresh air.

of

221 €y € ANO SKIN CONTACT i

>0 Flush eyes with plenty of water for at least 15 minutes and ge:t prompt aedical

‘53. attention; wash skin thoroughly with soap and water; remove and wash clothing before
§2 reuse.

$ [ waesTion

el If swallowed dilute by giving water to drink and call a physician. Never give
L; anvchiag by mouth to an unconscious person. -

Y,

FOAM 930 ALY. 1/79 FAGNT)
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CV. REACTIVITY DATA D)
(—SYAIILIW CONDITIONS TO AY0ID
Mx |srasce [ !UNITA.L( Excessive heat
nAZAROQUS DECOMPO 31 TiON PROOUCTS

nAZARDOUS POL M LAI ZATION CONDITIONS TQ AVOID
may occun [ x [mu. NOT Qccun| NA

MCOMPATIQILITY . MATERIALS TO AV0ID)

wATER QTHER Avoid contact with strong oxidizing or reducing agents.

Vi. SPi ) K PR R

(" STEPS TO BC TAXEM In CASE MATEMIAL IS RELEASED OR $P1LLED 1
Wear eye protection and impervious clothing. Dike and contain spill with inert material
(sand, earth, fuller's earth, etc.) and transfer liquid and solid diking material
separately to containers for recovery or disposal. Floor may be slippery =- use care to
avoid fall. Remove contaminated clothing and wash affected skin areas with soap and
water. Wash clothing before reuse. Keep spill out of all sewers and open bodies of

water.

Thermal decomposition may yield oxides of carbou. 1 .

wASTEZ oiseosaL metwo0s  [ncinerate liquid in approved equipment. Landfill contaminated diking
material according to current local, state and federal regulations; recognizing that
significant quantities reaching a stream or treatment plant via leachate can cause
arge enough to absorb the surfactant. h
Vil., SPECIAL PROTECTION INFORMATION
TYPC YENTILATION .
Mechanical dilution ventilation (fan). ]
ACSPINATORY PRATECTION
.None required for normal operations )

FROTLCTIVE SLOVES EYE PROTECTION
Impervious Splashproof goggles (ANSI 287.1, 1968)
OTHER PRATECTIVE LQUIPMENT
\ Eyewash facility . . J
C_Vill, STORAGE AND LABELING )
STOAAGL TUmPERATUAL LT HEATED REFRIGIRATED Oy TOG0R g
wax. MIN. YES NO NO YES |
COMMEN TS S
Store away from heat sources. Low temperature storage msay present handling problems

due to increased viscosity. Material is corrosive to copper and brass on loug storage. l1

C X TOXICITY INFORMA TION ~ ]
(" Oral LD=50 (rac) = 1900 mg/kg N

Dermal LD=-50 (rabbit) = Grester than 3 g/kg

Eye lrritation (rabbit) - severe irritation - draize score of 54.3 (after 1 day) incrgasoa

to 66.8 after 7 days. Permanent corneal damage at comcentrations greater thaa 10Z. ’ 'L
rabbit) = score of 2.0 in acute dermal test.

US INFORMA TION

—

TRITON® is a registered trademark of Ronm and Haas Company.

Tal «230wAT-On CONTAINEE #CAl'm 5 SASEO On O0ATA COuGIDENEE ag.
NARNGCT APPSO  ZA8LE e;uvg. “«QWEYE® 0 waseanTY 3§ u-onno.on Py IkD RREANDING oATE oF 1 S3UL SuPERstoLs
fug ACCUMACY IP TugBt 04TA 00 Pug ALAULTT O O ODTAINED PROWM Tug 4/80 10/79

C mZEILING vaLu

1236t PEORON POGAIMATP\,T LAUSED B Tug waTlNia, P 0CASONashLE RASCTY
L 6‘1572 PRGREDUNLS ARC “OT 40ugNCE PO o4 ST OULATED v TuE QaTa SNREY

<9 TugeCas
008 ABIUMILE %O NEIMONSI NI, TY FOER muyav 7O YENOEL O Tuineg

2QEPARCS BY

409! T OnALa? VYENOOA ARRUMES %@ LHPOuS MIA.PY PO w,ulY TR YEROLR
Q0 THINO SCRIONS PESL.ATEILY $AUSED IY Aguefwab USE 37 L wae
sEwray, CYEN P 0CAg0mASLL SAPLTY SUGLLIOUNLS aft FOLLOWED. FUATUER |
wOEL veaOfL ASSUMLES TnE Arsa w wig AE OF T¢ mMATEMIA,,
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ROHM AND HRARS COMPANY
INDEPENDENCE MALL WEST ’

PHILADELPHIA, PENNSYLVANIA 18105

PRODUCT: TRITON X~-100

Aluminum 0.0X ppm Germanium N.F. Rubidium

| EEAVY METAL CONTENT

Antimony N.F. Gold N.F. s:‘.licon_ 0.X ppm
Arsenic N.F. Iron 0.X ppm Silver N.F.
Barium N.F. Lead 0.0X ppm Sodium XXxX.0 ppm
Beryllium N.F. Lithium Strontium N.F.

' Biswuth N.F. Magnesium 0.0X ppm Tellurium N.F.
Boron N.F. Manganese - N.F. Thallium
Cadmium N.F. Mercury Tin 0.0X ppm
Calcium 0.X ppm Molybdenum N.F. Titanium N.F.

) Chromium 0.0X ppm Nickel _ 0.X ppm Tungsten N.F.
Cobalt N.F. Phosphorus X.0 ppm vanadium N.F. -
Columbium N.F. Platinum N.F, Zinc 5 N.F.
Copper 0.X ppm Potassium N.F. 2irconium N.F.
Gallium N.F.

XXXX.0 = 1000.0 to 9999.0 ppm

XXx.0 = 100 to 999 ppm
X.0 = 1 ¢to 9 ppm
0.X = 0.1 to 0.9 ppm
0.0x = 0.01 to 0.09 ppm
N.F. = Not found

PP = Parts per million

- These suggestions and dats 87 BRYEd o0 INferMetion we beheve 10 be relabie. They are shtarad in Soad taith,
but withoyt ¢ ] e of wse of our Dreducts a1 Deveny eur contrel. We fosemmend
m\mn-muw the of our N6 SUEPVSIIONS BONare 200PUNG e 98 3
cammercial scale.
Suggestrons for uses of our p o the o from patents and the citatien
of SpcHIC DAtENtS in ths PUBIILATION Thouid ROt D FRGETSINND 83 (SRBMMORGING Ihe Ui of Syl Produss
ronu 2090 VIOITION B SRy DEIONT OF 85 PETISIOA 6F HONBE 1§ 428 SRy POIONIS 8t the Aok and Ness Company .
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CHEM CHEX 220

TRIARYL PHOSPHATE TOXICOLOGY TESTING

PAGE 1

Butylated Triphenyl Phosphates (Data listed below pertains to products containing

Toxicology Data:

Test

Acute oral LD
50

Acute Dermal LD
SO

Acute Inhalation

Skin Irritation

Eye Irritation

Neurotoxicity

Neurotoxicit -

Neurotoxic
Esterase Assay

approximately 98% BTPP isomers)

Result

Greater than 4,640 mg/kg
Greater than 4,640 mg/kg
(2 products tested)

Greater than 4,640 mg/kg
Greater than 5,000 mg/kg
in both male and female
rats

Greater than 4,640 mg/kg
(2 products tested)

Greater than 2,000 mg/kg
Greater than 2,000 mg/kg

Greater thén 15.7 ng/1/hr*
Greater than 18.9 mg/l/hr*

3.1 mg/l/hr

Non-irritant
(4 products tested)
Mild Irritant

Non-irritant
Non-irritant
(3 products tested)

0.0 TOCPS equivalent
(2 products tested)
4.0 TOCPS equivalent**
0.0 TOCPS equivalent

0.0 TOCPS equivalent
(2 products tested)
4.0 TOCP% equivalent**
0.0 TOCP% equivalent

Negative

Protocol Date Tested
A 7/73
B 2/74

Not Available 8/76

o 3/79
D 2/74
Not Available 8/76
E 3/79
F 2/74
G 3/74
H 4/79
I 7/23; 2/74
(4 hr. exposure) 3/74; 8/76
J 3/79
{24 hr. exposure)
K 7/73 .
L 2/74; 3/74
N 4/74
N 4/74
2 11/75
N 4/74
N 4/74
o 11/7S
P In Progress
5, MITED
neA . VEMQE

50 JWISION ) ERE
mu.msmu, (AT
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BUTYLATED TRIPHENYL PHOSPHATES

(continued)
Test Result Protocol Date Tested
Acute Delayed Results due in
Neurotoxicity early 1980 Q In Progress

Note: This protocol meets and exceeds EPA standards by including histopathology

on all the animals. 3Slides are evaluated by board-certified veterinary pathologists.

In Vitro
Mutagenicity/
Carcinogenicity Assays

Ames Salmonella/
Microsome Plate
Assay Negative

In-Vitro Transfor-
mation (BALB/3T3) Negative

Mouse Lymphoma
Forward Mutation
Assay Negative

In-Vitro Cytogenetics
Assay

Sister Chromatid

Exchange Hegative
Chromosome
Aberration Negative

R 1/79
S 4,79
T 2/79
u 1/79
- U 1/79

o d




UAIVEASITAT EA=UEG University Zospital
ﬁ Eppendorf -
| Pharmacological Iastitute

Len . . _ _ Date: OQctober 1i, 1977
PHARINACOLOGICAL-TOXICOLOGICAL EXPZRT JUDGIECT

The exanirations were carried’out according to the cor-
responding test prescriptions or the FIFTE ZEPOAT of tke Eu-
( ropeen Associatioz for Coal and Steel on tkhe requirements and
testing of 1iqu‘ds of low fiam:ability.

I. Control of iZsatitT by IR-spectrocra-h—

The prepared IR-spectrum shows the absorption bands typ-

ical for P-0; i= addition phenyl substituted by propyl can be -

detected besides the mark of a substitution by arylalkyl.

IT, Oral toxicis~

Tke licuicé wezs given per oral probe to mice in increasing
dose, Tke punber of animals per treatment group was six, T

An oral L35y of L..L g/kg of body weigzt of the mouse resulted.

Point value: S

III, Determinasion of the toxic effsct

A Irritatins~ ellact

1, Tests cr. the i mitatinc ellect on the eve:

Cn 2 albiro rabbits one drop of test lijuid was inserted

by an eye -ipet+e once into the conmnective membrane Jociket of

- - - snT . ’ . ) . —— " .--.q
‘ poro. colhaniainitinfions




Date: October 1, 1577

-2-

the right ejye, the eye was kept closed briefly and the treat-

ed eyes were inspected daily during the following 7 days and

campared with the untreated eye, !

—————On-botheanimnls—no reactionr—couid-—be-detected omrthe—eTess
- === Point valusy O —

2. Tests for the determinstion of the irritative effect
on the skin

The compatibility of the liguid wit: the skin was tested
on the shorn flank of 2 albino rabbits by the paéch-test (du-m

ration of tre action 2 krs.).
24 hours after removal of the patch-test both animals snowed

& slight reddening of tke contact surfeces, This reddening

persisted 3 days, then disappeared .ithout being transforred
into a dedems.

Point value: 3

B, JTests for the determination of the toxicitr of tie aerosol

1 Cold aerosol

In an aerosol generstor (air flow rate 15 1/min) 8 mi/h
of the liquid, warmed to 50°C, were transformed into an aerosol
to which 3 Wistar-rats were exposed in a gessing cage for 1 KN
hour,
During the application of the aerosol the beiavior of the ani-

mals was normal, also the breatiiing activity -vas not changed,

During the subsequent 1l-day otservation fime all 3 animals
showed a weizht increase wnich corresponded to that cf the
- controls,

Point value: O




. ‘ Date: October 1k, 1977

2., Eot aerosol
The aerosol of the liguid heated to 150° C was tested by
the sane method., Consumption 9 ml/h,

ritative efiect (translator: same words. seem to be missing here)
and spontaneocus motor activity was normal, the weight devel-
opment cori{e‘sponded to that of the control anizmals, After

14 days of observation the diSection skowed no particular ev-
idence in the lung, liver or kidney, "

Point wvalue: Q

Ce Thermal decomposition oroducts

1, HMethod

FPor the geaeration of thermal decoméosition vroducts
0.6 ml/min of the liguid were sprayed through a Bosch-injecticn
pt;:m onto a steel plate heated to 200° ¢ 'or 700° C. The sucked-
off gases (10 1/min) were mixed with fresh air in the ratio 1:2
and placed into an anixmal container for the toxicologicall test
in whick 3 rats were exposed to this mixture during 1 hour.

a) 200° C

During tae exposure tie animals behaved guietly, Tle
breathing was normal, During the subsequent 1l:-day observation
time a slightly reduced increase of the body weight was co-
served, compared to the control group. The diSecticsn alter
the 1L-day observation tine showed no special evidence on lung,
liver and kidzney,

Point value: L

RPN P

_ During the exposure the animals behaved pormally, A vigorous ) :
cleaning of the spout was conspicuous which indicates an ir- _ .

=

bned hemed deeed . i

b




F

Date: October 14, 1977

b) - 700° ¢
. During the exposure the animals showed quiet and non-
conspicuous motor activity; 30 minutes after start of the ap-

Idcaticon all 3 animals showed disfinct snapping breatline.

— —— n— [ ] [ ____J
.

After the test the breathing very quickly became normal, . The __

weight development during the 1l4-day observation was distinctly
reduced compared to tke control group, 4
Point value: L - -

D. Evalvation of the results

Point no. factor Point sum

Oral toxicity ' - 5 1 5
Irritative effect at the eye 0 s o]
Irritative effect on the skin 3 5 15
Aerosol 50° ¢ o 2 0
Aerosol 150° ¢ 0 2 0
D;composition products 203° ¢ L 1 L
Decomposition products 750° ¢ L 1 L

28

. E, Testing for neuro-toxicitw

Indivicual doses of 5 ml/kxg of the orizinal liguid were
applied to 6 chickens (Waite Leghorn) of about 2 kg weight
by a throat probe on 5 consecutive days., The animals ‘ere
observed during the following 21 days, then were killed and
the marrow of the necik, the lumbar marrow and the I, ischﬁﬁicus
were exanined haistologically feor demyelination, In deviation
from the Fifth Luxemburg Report tae total amount of tze liguid

whichh was applied was 25 nl/kg.




Date: October 1i, 1977i
The treated animals behaved normally during the observation
tine and were in no wa‘y disturbed in their motor.activity,
A parallel coﬁtrol'group of 6 chickens was treated with

a single dose of 0.5 g/kg of triortho cresyl.phosvhate., —After —

L ’d;ayjollowing this dose all chickens showed the naralysis
of the lower extrem...tiaa typical ror u..osvhate ester, a demy-

elination was confirmed histologically,

The liquid ..+ 18 not neuro-toxic, It
complies also with tke other required cornditions for a permit,
listed in the Fifth Luxemburg Report,

Prof, Dr, E.F, Benthe
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POWERFOGGER MODEL 100E
Thermal Fogger

DIMENSIONS . ... . ...... Length 0-82 m

Width 0-64 m

Height 0-97 m

WEIGHT ........... ... (empty) 261 kg

. Maximum Fcrmulation throughput 455 I/h
Fog Output ... ........ 425-566 m3/min

Tifa Powerfoggers

These Powerfoggers are the latest models
n the TIFA range of world famous fog
generators.

In addition to their pnimary function of
dispersing insecticides and other chemical
formulations as thermai fogs. these

EIGHT REASONS FOR
acoessones for mstng. sprawng nd USING THE TIFA
e POWERFOGGER:

F h, TIFA has be R
or more than 20 years as been Low operating costs:

grving world wide service to users for : i . s
control of disease-carrying flies, Saving in formulation costs: .

mosquitoes and other insect pests: also
those insects which destroy valuable
stocks of grain. flour. cereal and other
food products. .

Powerfoggers are used for control of
insect pests in:—

Municipal and Pubhic Heaith projects.
Food and Grain Stores.

Food.

Tobacco and Deinks Industry.

Animai and Poultry husbandry.
Hosprtals.

Ships.

Stadiums and Dnve-in Cinemas, using
pyrethrum. organo-chionne or organo-
phosphorous insecticides. germicides.
disinfectants and deodorants

Speed of operation:

Power to tackle the big problems;
The fog penetrates and envelops:;
Disperses a wide range of
chemicals;

Versatility-fogging. misting.
spraying

Reliability and service guaranteed
by more than 25 years field
experience.
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Fog-

fire-resistant,

nontoxic,
is new tool

fo...

Find those costly bdiler-

casing, condenser leaks

» Paesstnizcop foc. generated from a
commercial  fire-resistant  Jubricant,
can pinpoint efficiency-killing and cost-
ly air leaks. Power-plant offenders are:
boiler settings and casings, turbine cas-
ings, condenser shells and connected
piping.

Boiler casings move continuously be-
cause of expansion and contraction
from heat intencity changes. Such mo-
tion often cau-es leakage. through set.
tings and casings, which may cut down
on overall boiler performance. 1f leak-
sge aids combustion, that's {urtunaie,
but such selecr leakage is uncommon.

Waestern Hemisphere:
80 Division Avenue

Millington, N.J. 07946, U.S.A.
Teiephone: (201) 647-4570
Teiex: 136366

Cable: Tree Tifa Millington

Most leakage ups the load on induced-
draft fan or chimney and interferes
with admission of air needed for good
combustion. Further, leakage can in.
crease fouling rate of heat transfer
surfaces and decrease boiler's smoke-.
less steaming capacity. Onerators have
to be constantly on the alert for casing
leaks in order to keep builers at peak
performance.

Many leck-detecting methods take
too much labor and time. One such
method involves use of lighted candles
while pulling a suction on the inside
of the casing. Ti's a tedious process

TIFA, Ltd.

8y J STEPHEN UNGAR

Asst Chief Performance Engineer
Consolidated Edison Co of N. Y.

which, by its very nature, discourages
those using it.

A less time.consuming and more ef.
fective method uses smoke bombs.
These are lit in the furnyce. Closing
the outlet damper {orces smoke through
any opening in the casing. Big dis-
advantage i< that too much ~moke gen.
erates in tun hrief a perivl. This large
volume of smoke <eepe through leakage
areas <o quickly that frequently it ab-
scures actual leak sources,

We wanted a method 1hat would spot
leaks quickly and accurately. And we
wanted to contiol the spotting medium

Europe/Asia:

Cook Lubbock House
Waterside, Maidstone
Kent, England

Telephone: Maidsione 59953
Telex: 965287

Cable Address: TIFA. Maidstone
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GENERATOR, connected by flexible hose to sealed observation door, tills boiler
casing with visible fog. Boiler forced-draft fan builds up slight furmoce pressure
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TURBINE CASING, condenser sheil are subjected to fog pres-
sure of 6 10 9 in. water through hose to vacuum-brecker piping

so it wouldn't obscure visibility around
the boiler casing. Futther, it had to be
fire resistant. explosion-proof, nontoxic.

We did a lot of digging around for
the right method and came up with one
that involved use of an industrial fog
applicator.  With this, we generate a
visible fog and inject it, under pres.
sure. intv the boiler furnace. Pre-.
surized fug seeps through casing vpen.
ings. reveals them to an oligerver. Our
method can be used un a hot lunler
just off the line, or on one that has been
idle for some time.

We check boilers for aic leaks «s saan

as they come off the line. This gives the

maintenance crew the number and loca.
tion of leaks found. and thev're ready
to seal them as soun as the boiler cools,
Before boilers go back in service. we
use fog again. This tells us whether
or not we've Jone a good sealing job
and gives a general appraisal of boiler
casing tightness.

Preparing a boiler fur testing iy
faitly simple. Boiler or stack dampers
are closed tight enough to permit only
slight leakage. F-d fan is rolled just
fast enough to build furnace pressure
up 1o alwut 1, in Fox is in.

<

watlr.

jected through a furnace ohservation
door. photo, left. It's necessary, of
course, to close all other ohservation
dones and to ~eal such Jarge apenings
as the slag taps. Shortly after injec.
tion, fog will appear from any existing
openings in setting and casing. Ohserv.
ers then mark jeak sources.

We get best results when atmasphere
around the hoiler isn't saturated with
fog. To control this, we generate fog
fur about 15 seconds every twa nr three
minutes. Photo, p 114, shows how this
gives us enough fog to reveal leaks
without obscuring the cource.

We use fog to find condenser leaks.
ton. Air leakage into a cundenser can
occur through (1) low-pressure end of
turbine casing (2) condenser shell (3)
connected piping. It’s costly hecause
it hurts rondenser vacuum, causes mure
l'eat loss 10 cooling water, cuts turhine
output for a given steam flow.

Checking condenser leaks. One way
is to flood the steam side up to tur-
hine exhaust Aange and let water flow
through any openings in shell or con-
nected piping. Remaining parts, sub-
ject to leakage, are candled when tur-
hine is in service, preferably at low
load. But, experience shows that this
method bypasses some leaks, even when
they're excessive. Fog, however, spots
them all in a hurry.

Technique differs slightly from that
used for boilercasing leaks. We inject
fog into turbine-exhaust hood through
a vacuum-breaker line. Gas generator
supplies pressure of about 6§ to 9 in.
water in the turbine and condenser.
Fog injection is intermittent—about 15
seconds every five minutes. Then leaks
show up and results are often surpris-
ing. We find leaks in supposedly sound
areas. Conversely, we are gratified to
find that some suspected sources of
leakage are good and tight.

We'te well satisfied with results from
this method. In several instances, de-
tecting leaks in boiler casings netted
us improved combustion which consid.,
erably cut the combustible in flyash. -
In one particular :heck of condenser
cooling-water piping, we found the leak-
age we'd suspected was impairing the
circulating.pump capacity.

As stated, the liquid used with the
fog generator is Chem Chex 220.
Resultant fog is fire resimant and non-
explosive. As a matter of fact, it'll ex-
tinguish an acetylene torch.

Toxicity is low. This was perhaps
the most important factor when we
velected the liquid from thoese available.
We pruved bevond a doubt that. in con-
centrated or diffused form. the fog ix
harmless to personnel. The concentra.
tion of.toxic material falle well below
allowalile limits for daily exposure.




As was to be expected. sam-
ples #2 and %4 yielded high
concentrat«ons since they were taken directiy in the
escaping fog. #4 was higher than #2 because more
shots of fog were introduced during this sampling
period and because ambient air velocities were
lower at this location. As noted previously, expos-
ure of the worker to these concentrations is intre-
guent and of short duration. The use of a respirator
approved for organic mist and vapor would give
more than adequate protection.

General air concentrations during fogging were
1.10 mg/cu meter but rapidly decreased to a negli-
gible concentration of 0.07 mg/cu meter one half
hour after its conclusion.

Consistent ratios were not found between the
bubbler sample (vapor plus mist) and the filter paper
sample (theoretically mist alone). This may be due
to the presence of varying concentrations of mist
during the different sampling periods or varying
Jegree of mistretention of the different non-uniform
porosity filter papers used. Another factor could be
indeterminate volatitization and loss of coliected
mist during the sampling period. In any event, the
bubbler samples show total concentration of Chem
Chex 220 in air.

However, collection of oil by filter paper samples
may be considered as evidence of the presence of
mist, aithough it is questionable whether it is a
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quantative index of the amount actually present.
The existence of mist is corroborated by visual ob-
servation in this plant and by Konimeter samples
taken previously. These are instantaneous samples
of air impinged in a dry state into a vaseline coated
glass siide so that the particles are retained. By
using a non-coated slide. most of the solid dust
particles would escape and the mist droplets
coliected. Qualitative microscopical examination
of siides obtained by the technique reveaied the
presence of droplets of mist ranging from approxi-
mately 0.5 to 2 microns in size. (Any larger mist
dropiets would probably have been shattered by
this technique.)

@ Boiler leak detecting operations are performed
approximately once every two weeks, lasting
from 30 minutes to one hour each time.

@ The worker engaged in the spotting of the leaks -
1s intermittently and briefly exposed at these
times to concentrations of Chem Chex 220
ranging from approximately 3 to 6 mitligrams
per cubic meter of air.

@ The other workers normally stationed in the
room duning fogging operations are exposed
tor 30 minutes to one hour to concentrations of
Chem Chex 220 on the order of 1 miiligram per
cubic meter. These concentrations decrease
rapidly after the conclusion of fogging
operations.

@ One half hour after the conciusion of fogging
operations the room was virtually cleared Gt
Chem Chex 220 with negligibie residual con-
centrations of 0.07 mitiigrams per cubic meter.

TIFA, Ltd.

WESTERN HEMISPHERE: EUROPE/ASIA:

DISTRIBUTED BY:

Cook Lubbock House
Waterside, Maidstone

Kent, ME14 1LG Englangd
Telephone: Maidstone 59953

50 Dwvision Avenue
Milington. N J. 07946, U.S.A.
Telephone (201) 647-4570

Teiex. 136366

Teiex 965287
Cable: Tree Tifa Mitlington

Cable Address TIFA. Maidstone




which the operating staff had been unable to find
with the usual methods.

In this case it was not necessary to bring the
furnace under vacuum. The fog was introduced
through a flexible hose at one side of the furnace
with the opposite side being left open until fog
began to escape. Even before closing the opening,
leaks became visible, and appeared still more clearly
when the furnace, filled with fog, was put under
slight pressure.

The testing of a conduit having a diameter of
1100 mm by 125 m (44" x 412') used for removing
fumes can be given as a further example. When in
operation a vacuum should exist in this pipe. If any
leaks are present, allowing unwanted air to be drawn
in, this will lead to a reduction in the quantity of
fumes drawn off. In this case it was very easy to fill
the whole pipe with fog while the suction fan was

s, e

CHEM-CHEX 220 - ~

There are many leak-detecting methods. but
most require excessive labor and time. One such
method mentioned previously involves use of
lighted candles while pulling a suction on the inside
of the casing. It's a tedious process which, by its very
nature, discourages those using it.

A less time consuming and more effective
method is through the use of smoke bombs. The big
disadvantage is that too much smoke generates in
too brief a period. This large volume of smoke seeps
through leakage areas so quickly that frequently it

Both lecks found by TIFA

running, and then switched off. As long as né fog,

escaped at the seams of the pipe, one could be sure
that the line was tight.

Refractory furnaces have been tested for
tightness of the jet pipes by closing the gas valves
and introducing the fog through the inlet connector
of the combustion air blower while it is running.

A farge foundry has bought the machine
order to be able to examine the extensive blast
furnace gas pipework, with pipe diameers of more
than 1 m, for furnace gas losses.

These few examples aione show that the TIFA
fogging machines can be used not only for steam
boiler plants as originally intended but aiso for other
thermal installations. As such it is a valuable aid to
industry for keeping the downtime of turnaces to a
minimal, as well as contributing to the saving of both
fuel and power.

obscures actual leak sources.

Then there is the new Fog Check Method using

Chem-Chex 220 a product that is fire resistant.

explosion proof, and non-toxic to operating per-
sonnei. Chem-Chex 220 can be used in any standard
TIFA machine for checking ieakage when boilers are
hot or cold. The usual duration of this test vari :s for
Y2 t0 1 hour but it is still much shorter :1d more
precise than other methods. Normally a test can be
run with three men, one to operate the fogger and
two to mark. Chem-Chex sustains a steady fog, thus
allowing more time for checking leakage

wed it leaked ‘




l Approximately every two weeks. one of the high
pressure boilers in the boiler room is removed from
service for overhaui. cleaning and repair This
procedure includes the detection ot any leaks which
' may have developea.

In detecting the leaks, Chem-Chex 220 oil fog 1s

prepared in a fog machine and forced into the boiler
l at high pressures. This fog escapes into the room

from leaks in the boiler housing and can be detected
by visual observation. As socn as a leak is thus
spotted. the repair man is dispatched to the point to
identify the area. During this operation, intermittent
shots of fog are injected into the boiler. s that the
worker can outiine the exact area of the leak while
the fog is escaping. This exposes him to dense
clouds of fog for the time it takes to indicate the area,
usually one to four minutes. This process is repeated
for as many times as there are leaks.

It was stated that this entire process takes ap-
proximately 30 minutes to one hour {once every two
; weeks). From two to three quarts of Chem Chex are
used for each complete test.

In addition. other workers in the boiler room are
exposed to varying amounts of the vapor and mist
which permeate the room during the fogging
operations. The degree of exposure will depend on
how close the particular leaks are to areas where

these workers are normally stationed and to the air -

movement patterns in the room Jduring fogging
operations.

General ventilation of the room is excellent and the
room rapidly cleared at the conclusion of fogging.

™ Representa -
kit el  tives of man-
agement and labor both wished samples taken di-
rectly at points of leakage. although it was pointed
out to them that these could be expected to yield
high concentrations. Other samples were taken to
indicate general room concentrations before, dur-
ing, and after fogging.

SAMPLING & ANALYTICAL TECHNIQUE

The methods devised by Hunter and reported in
Elkins were used.

This method, which invoives scrubbing of the sam-
pled air by a fritted glass bubbler containing iso-
propyl alcohol will collect both oil vapor and mist,
with 100% efficiency as determined by the Navy.
As a corollary, it was decided to determine, 1f pos-
1 sible. how much of the oil was present as a mist. It
was feit that filter paper sampies might coilect the

particular mist and all the vapor to pass through.
Filter paper samples were therefore taken simultan-
eously with the bubbler (isopropy! alcohol) samples.

The samples were analyzed for phosphate and re-
ported as tricresyl phosphate.

1 On floor at west side fire door of Boiler #53
which was fogged for 10 minutes one half
hour before sampling. High ambient air veiocities.

mg/cu meter PPM

Bubbler Sample 0.03 0.002
Fiiter Paper Sample 0.006 0.0004

2 Same iocation as #1. Fogging going on inter-
mittently. Visible fog escaping trom loose fire

door. High ambient air velocity. Sampling appara-

tus six feet downward from escaping fog. .

mg/cu meter PPM

Bubbler Sample 3.10 0.20
Filter Paper Sample 0.28 0.018

3 Between #51 and #61 boilers at east side of

floor in general air. Boiier #53 still being fog- -
ged. High ambient air velocity. Visible fog intermit-
tently swirling in area.

mg/cu meter PPM

Bubbler Sample 110 0.07
Filter Paper Sample 0.15 0.01

4 At southwest corner of economizer platform at

top of Boiler #53. Fogging going on more fre-
quently than in #2 above. Sampiing apparatus in
fog. Low ambient air velocity.

mg/cu meter PPM

Bubbler Sample 6.32 0.42
Filter Paper Sampie 1.24 0.08

5 On floor near east end of #53 in general air.
One half hour after conclusion of fogging. All
visible evidence of fog gone. Room clear. Medium

ambient air velocities. T
mg/cu meter PPM
Bubbler Sample 0.07 0.008
Fiiter Paper Sample 0.01 0.0007

NOTE The data has been expressed in terms of

both mg/cu meter and PPM. Since mist as
well as vapor is present, the mg/cu meter figure s
the preferable index, as PPM is applicable only to
vapor. The PPM gata, which are calculated from the
mg/cu meter data, are much lower than the latter,
because the molecular weight of tricresyl phos-
phate, to which PPM is inversely proportional, is so
high.




¥ DISCUSSION

As was to be expected. sam-
ples #2 and #4 yielded high
concentrations since they were taken directly in the
escaping fog. #4 was higher than #2 because more
shots of fog were introduced during this sampling
period and because ambient air velocities were
lower at this location. As noted previously. expos-
ure of the worker to these concentrations is infre~
quent and of short duration. The use of a respirator
approved for organic mist and vapor would give
more than adequate protection.

General air concentrations during fogging were
1.10 mg/cu meter but rapidly decreased to a negli-
gible concentration of 0.07 mg/cu meter one half
hour after its conclusion.

Consistent ratios were not found between the
bubbler sample (vapor plus mist) and the filter paper
sample (theoretically mist alone). This may be due
to the presence of varying concentrations of mist
during the different sampling periods or varying
degree of mistretention of the different non-uniform
porosity filter papers used. Another factor couid be
indeterminate volatilization and !oss of collected
mist during the sampling period. In any event, the
bubbler samples show total concentration of Chem
Chex 220 in air.

However, collection of oil by filter paper samples
may be considered as evidence of the presence of
mist, although it is questionable whether it is a
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quantative index of the amount actually present. '
The existence of mist is corroborated by visual ob- -

servation in this plant and by Konimeter samples
taken previously. These are instantaneous samples
of air impinged in a dry state into a vaseline coated
glass slide so that the particles are retained. By
using a non-coated slide. most of the solid dust
particles would escape and the mist droplets
coliected. Qualitative microscopical examination
of slides obtained by the technique revealed the
presence of droplets of mist ranging from approxi-
mately 0.5 to 2 microns in size. (Any larger mist
droplets would probably have been shattered by
this technique.)

@ Boiler leak detecting operations are performed
approximately once every two weeks, lasting
from 30 minutes to one hour each time.

@ The worker engaged in the spotting of the leaks -

is intermittently and briefly exposed at these
times to concentrations of Chem Chex 220
ranging from approximately 3 to 6 miiligrams
per cubic meter of air.

@ The other workers normally stationed in the
room during togging operations are exposed
for 30 minutes to one hour to concentrations of
Chem Chex 220 on the order of 1 miiligram per
cubic meter. These conhcentrations decrease
rapidly after the conclusion of fogging
operations.

@ One half hour after the conclusion of fogging
operations the room was virtually cleared* 6t
Chem Chex 220 with negligible residual con-
centrations of 0.07 milligrams per cubic meter.

TIFA, Ltd.

WESTERN HEMISPHERE: EUROPE/ASIA:

50 Division Avenue

Mithngton. N J. 07946, U.S.A.
Tetephone (201) 847-4570
Telex 136366

Cable: Tree Tita Millington
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Waterside, Maidstone
Kent. ME14 1LG England
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APPENDIX E
SURFACE-ACTIVE AGENTS: U.S. PRODUCTION AND SALES, 1979

‘«:!!E!!F'“‘ft::s!..un......,

Listed below are all surface-active agents for which reported
data on production of sales may be published.
are used where the reported data are accepted in confidence

(Leaders

and may not be published or where no data were reported.)

(..)

.

SALES ?
SURFACE-ACTIVE AGENTS : PRODUCTION! : : : UNIT
. . 1, :
B :  QUANTITY : VALUE : VALUE®
1,000 1,000 1,000 Far
pounds pownds doilars pound
Grand total t___6,9648,639: 2,859,480 : _ 1.143,506 : $0.40
. —
Benzenoid" P1,235,265°F 677,840 ° 296,902 ¢ s
Nonbenzenoid® Po3,m3ant 2,181,640 846,604 .39
AMPHOTERIC : : : :
Total : 20,519 ° 19,297} 18,835 ° .98
AnIONIC X : : :
Total P __3,158,586° 1,497,966 419,102 ¢ .28
Carboxylic acids (and salts thereof), total-m—eem—cen ° 878,120 ° 175,209 ° 69,707 ¢ .40
Amine salts of fatty, rosin, and tall oil acidse—- * 672° 251 ° 320 1.27
Carboxylic acids having amide, ester, or ether : : 3 :
linkag : 4,402° 4,581 ° 5,992 ¢ .55
Coconut oil acids, potassium salt-——--ceaecmeccmeome- et 1,615° 1,512°¢ .84
Coconut oil acids, sodium salt : 151,362° 2,417 ¢ 1,168 ¢ .48
Mixed vegetable fatty acids, potassium salt=--=-—v- : 3,654 2,884° 6,548 ¢ 2.27
Oleic acid, potassium salt : 1,464° ven d er t
Oleic acid, sodium salt : 594 ° 174° 151 ¢ .87
Tall oil acids. potassium salt : 10,501¢ 3,907 2,214 ¢ .57
Tall oil acids, sodium salt : 2,501° 1,449° 385 .27
Tallow acids, sodium salt : 387,359 23,418° 7.818°% .33
All other carboxylic acids (and salts thereof)~=--o f 315,612° 134,513¢ 43,599 ¢ .32
Phosphoric and polyphosphoric acid esters (and salts ° : : :
thereof), total - : 38,681 ° 24,732 19,432° .79
Alcohols and phenols, alkoxylated and phosphated, : IR + I
total : 19,399° 16,587 12,290 T
Dinonylphenol, ethoxylated and phosphatede—=-=eee * 1,080° 787¢ 594 ¢ .78
Mixed linear alcohols, ethoxylated and phos=- : : : 3
phated 3,836° 3,143 2,325¢ 746
Nonvlphencl, ethoxylated and phosphated~-e~—=ccwe ? 5,795¢ 4,236 2,953: .70
Thenol, ethoxylaced and phosphated : 1,346° 989 745¢ .75
" Tridecyl alcohol, ethoxylated and phosphated=eee- @ 814 590 507: .86
All other : 6,528: 6,874 5,166 ¢ .75
All other phosphoric and polyphosphoric acid esters * : 3 :
(and sslts thereof) § 19,282° 8,145¢ 7,142 .88
Sulfonic acids (and salts thereof), total-.ccevecacas @ 1,641,120° 1,067,108 207,612 ¢ 219
Alkybenzenesulfonates, total i 655,612 184,591 76,856 42
Dodecylbenzenesulfonic acid 216,278¢ 107,405 39,554 37
Dodecylbenzenesulfonic acid, calcium galt=ew—eaee 10,514 9,564 8,186 .86
Dodecylbenzenesulfonic scid, isopropylamine salt- * 3,739: 3,655 2,399 .66 _
Dodecylbenzenesulfonic acid, sodium saltrececcnaes * 307,036 43,957¢ 14,251¢ .32
Dodecylbenzenesulfonic acid, triethanclamine ! : : LI
salt * 5,181: § 420: 2,447 .45
All other ! 112,864: 14,590 10,019 .69
Ligninsulfonaces, total : 806,134¢ 750,394¢ 55,780° .07
Ligninsulfonic acid, ammonium salte<—eeccecvcaces ! 13,9418 12,864 7652 .06
Ligninsulfonic acid, calcium saltee—rmecceccecncea 590,131¢ 340,524 22,095 + 0k
Ligninsulfonic acid, chromium salte—=mwcecccmcncea 98,898 95,865: 15,326: .16
Ligninsulfonic acid, iron salt. : 2,110¢ 2,110: 368 : .17

See footnotes at end of table.




SURFACE-ACTIVE AGENTS: U.S. PRODUCTION AND SALES, 1979-~Continued L
; ; SALES? L
SURFACE-ACTIVE AGENTS : PRODUCTION' : g t oNIT :
: fOUANTITY @ VALUE g 1
" : . : 4
ANIONIC-~Continued ¢ : : :
; 1,000 : 1,000 : 1,000 : Der 7 3
Sulfonic acids (and salts thereof)--Continued : pounds pounds * dollars : pound i
Ligninsulfonates-~Continued : : s s ¥
Ligniasulfonic acid, sodium salt-———cecomcmceacas i 99,765 ® 97,742 ¢ 16,938 ¢ $0.17 4
All other: : 1,289 ¢ 1,289 ® 288 ¢ .22 .
Naphthalenesulfonat : 21,330 ¢ 16,228 : 9,550 ¢ .59 1
Sulfonic acids having amide linkages, total- -3 5,785 ¢ 3,976 ¢ 4,510 ° 1.13 1
Sulfosuccinamic acid derivatives : 3,987 ¢ 2,208 : 1,749 ¢ .79 -4
Taurine derivatives : 1,798 @ 1,768 @ 2,761 ¢ 1.56
Sulfonic acids having ester or ether linkages, : : : : -y
total : 71,274 ¢ 32,274 ¢ 36,017 : 1.12
Sulfosuccinic acid esters, totale——cecemccc—vancas 25,600 °© 19,534 ¢ 17,117 ¢ .88 }
Sulfosuccinic acid, bis(2-echylhexyl)ester, : : : :
sodium salt : 20,909 : 15,618 : 14,836 : .95
All other : 4,691 ¢ 3,916 ¢ 2,281 @ .58 -
Other sulfonic acids having ester or ether : : : :
11 : 45,674 : 12,740 : 18,900 : 1.49 )
. All other sulfonic acids (and salts thereof)———e-m—- ! 80,985 79,645 ¢ 24,899 ¢ .31
Sulfuric acid escers (and salts chereof), totale—--—— @ 552,725 ¢ 215,819 ¢ 117,286 @ .54 ke
Acids, amides, and esters, sulfaced, totale——e=w-e--: 26,279 @ 18,317 ¢ 11,328 .62 g
Butyl oleate, sulfated, sodium salt-=eeeceoccam—a @ 877 : 854 : 377 ¢ YA §
Isopropyl oleate, sulfated, sodium salte——e—~ee— : 92 : 92 : 78 : .85
Oleic acid, sulfaced, disodium salteeerecromcaces 6,672 6,495 : 2,243 ¢ .35
Pronyl oleate, sulficed, sodium salt. ——— 474 203 ¢ 106 @ .52 )
Tall oil sulfated, sodium salt : 2,544 ¢ 1,282 : 394 @ L31
All other : 13,620 9,391 ¢ 8,127 : .87
Alcohols, sulfated, total : 246,367 : 52,649 : 45,116 : .86
Dodecyl sulfate, ium salt s 14,486 : 12,961 : 10,808 : .83
Dodecyl sulfate, magnesium salteme—ccccceccccarees 209 : 166 : 230 : 1.39
Dodecyl sulface, sodium salc : 19,883 : 18,510 : 16,295 : .88
Dodecyl sulfate, triethanolamine salt———=e—caua @ $,973 @ 5,401 : 4,903 .91 -d
Octyl sulfate, sodium salt : 261 ¢ 145 ¢ 156 : 1.08
All other : 205,575 ¢ 15,466 : 12,726 .82 -
Ethers, sulfated, total : 262,714 @ 128,488 ¢ 53,597 : 42
Dodecyl alcohol, ecthoxylated and sulfaced, : : H : )
sodium salt : 14,760 ¢ 164,522 ¢ 11,771 .98
Mixed linear alcohols, ethoxylated and sulfated, : H : H
ammonium salt : 95,125 68,676 : 21,552 @ .31 1
Mixed linear alcohols, ethoxylated and sulfated, : : :
sodium salt : 139,437 ¢ 35,706 : 13,280 : .37 L]
All other : 13,392 ¢ 9,584 : 6,994 : .73
Natural fats and oils, sulfated, totale—w—ecce—e—— ! 19,365 : 16,365 : 7,248 @ YA
Castor oil, sulfated, sodium saltee—eem—cccccanaa ! 5,365 : 5,079 : 2,617 : .52 W
Cod oil, sulfated, sodium salt H 1,230 ¢ 1,206 : 342 ¢ .28
Tallow sulfated, sodium salt : 3,619 ¢ 3,470 : 1,227 : .35 ¥
All ocher ' 9,151 ¢ 6,610 : 3,062 : .46
Other anionic surface-active agents’-eee—eemaceccman. : 47,940 : 15,098 : 5,065 : 34 ﬂ
CATIONIC : : : : d
Total H 294,222 : 214,697 : 177,326 : .83 .
Amine oxides and oxygen-containing amines (except : H s :
those having amide linkages), total-rmeweceeccuaas 78,1350 23,872 19,188 .80 ™
Acyclic, tocal - : 69,541 : 18,391 : 15,170 : .92
(Tallow alkyl)amine, ethoxylated : 3,002 : 2,656 : 1,772 .67 j
All other s 66,539 : 15,738 : 13,398 : .85
See footnotes at end of cable, I
¥
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SURFACE-ACTIVE AGENTS: U.S. PRODUCTION AND SALES, 1979--Continued
: X saLes’
SURFACE~-ACTIVE AGENTS : PRODUCTION® : H :
: T QUANTITY' : VALUE v“u;:’
CATIONIC==Continued : : :
Amine oxides and oxygen-containing amines (except : 1.000 : 1,000 ¢ 1,000 ¢ Per
those having amide linkages)-—Continued : pounds ! pounds ¢ doliare ¢ pound
Cvclic (including imidazoline and oxazoline : : s :
derivatives) : 5,809 5,481 ¢ 4,015 °* $0.73
Amines and amine oxides having amide linkages, : H < :
total: : 30,275 ¢ 21,725 18,370 : .85
Tall oil acids-diethylenetyiamine condensate-————e~=: 7,223 ¢ ©,940 : 3,156 A
Tall oil acids polyalkylenepolyamine d teramm—? 6,880 : 6,144 ¢ 5,381 : .88
All other [ 16,172 : 8,641 ¢ 9,833 : 1.14
Amines, not containing oxygen (and salts thereof), :
total : 85,406 : 74,278 60,774 : .82
Diamines, polyamines, and amino salts, totglew—eveoe: 23,323 3 23,202 16,329 : .70
Imidazoline derivatives : 974 : 1,078 : 1,637 1.52
N-(9~0ctadecenyl)trimethylenedismine——wora—vwramae: 1,689 : 1,658 : 1,430 .86
All other 22,690 : 20,466 : 13,262 : .65
Primary ines, total - : 31,355 @ 26,337 19,832 .15
(Hydrogenated tallow alkyl)amine -mewaerecwecemeaws; 4,182 : 3,403 2,421 .71
9-Octadecenylami : 4,937 4,719 3,763 ¢ .80
(Tallow alkyl)ami ' 15,000 : 11,314 6,261 .58
All other s 7,236 ; 6,901 7,387 1.07
Secondary and tertiary monoamines, totales—wesracua-, 28,698 . 24,739 . 24,613 . 99
N,N-Dimethyloctadecylems : 1,227 1,134 1,230 , 1.08
All other : 27,671 23,605 , 23,383 , .99
Quaternary ammonium salts, containing oxygen-—----—-—:_ 12,835 8,960 4,588 1.07
Quaternary ammonium salts, not containing oxygenm,
total s 86,647 , 85,171 . 68,181 .80
Acyclie, total . 58,998 , 58,079 %4,3% , 65
8is{hydrogenaced tallow alkyl)dimethylamsonium : H H :
chloride : 52,126 52,349 26,746 : .51
All other 16,872 : 15,730 17,580 : 1.12
Benzenoid, totral J 17,6649 17,092 : 23,855 1.40
Benzyl(coconut o1l alkyl)dimechylammoniva H : H %
chloride 4 130 : 106 . 147 . 1.39
Benzyldimethyl (mixed alkyl)smmonium chlorides~ov-= 11,045 10,940 16,104 » 1.467
Benzyltrimethylammonium chloride < 955 943 . 598 . .63
All other ? 5,519 : 5,103 7,006 1.37
Other cationic surface-active agents J 70% 691 1,228 1.78
B B : i
NONIONIC H : H %
Total r__ 1,675,112 ; 1,127,520 ; 528,263 ; .67
Carboxylic acid amides, total . 70,004 46,910 ; 35,152 . .75
Diethanolamine condensates (amine/scid ratio=2/1), : : :
total d 22,015 16,609 . 10,940 . .66
Capric acid . 97 . 112 . 104 , .92
Castor oil acid 2,585 . 1,210 . 751 , .62
Coconut oil acid . 10,679 8,456 , 5,399 , R
Coconut oil and tallow scids . 1,886 ; 1,835 1,159 , .63
Lauric and myristic acid v 2,637, 1,615 1,477 , .91
Oleic acid y 833, cee s cen sy
Stearic acid y 412 , ces g ces s
Tall oil scid \ 218, 238 , 147 .67
All other s 2,670, 3,165 , 1,903 , .60
See footnotes at end of table.
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SURFACE-ACTIVE AGENTS: U.S. PRODUCTION AND SALES ; 1979--Continued
: : SALES?
SURFACE-ACTIVE AGENTS : PRODUCTION' : f [} UNIT
: : QUANTITY' : VALUE vaLDE'
NORIONIC-=Continued : H : H
: 1,000 : 1,000 : 1,000 : Per
Carboxylic acid amides--Continued :  pounds ¢ pounds t dollars pound
Diachanolamine condensates (other amine/acid H : : H
ractios), total: J 30,890 : 24,064 : 18,981 : $0.79
Coconut oil acids (amine/acid ratio=l/l)-~=—eecee: 16,427 ¢ 15,961 : 11,619 : .73
Lauric acid (amine/acid ratio=l/l)e=ccemccccccacaa! 8,479 : 4,520 @ 4,322 : .96
Lauric and myristic acid (amine/acid rvatioml/l)=e=: ves 2,348 : 2,068 : .88
Linoleic acid J 299 : 277 ¢ 276 : 1.00
Oleic acid (amine/acid ratio=1/1) ————e? 173 : 119 : 85 : .72
Stearic acid (amine/acid raciosl/l)e—eeccm———aa—- — 135 ¢ 124 : 73 . .59
All ocher: d 5,377 : 718 : 538 .75
All other carboxylic acid amides, totaleeeeccccamana: 17,099 : 6,237 : 5,232 : .84
Coconut oil acids, ethanolamine condensates-—==~== 5,353 : 1,842 : 1,350 . .73
All ocher d 11,746 ¢ 4,395 : 3,882 .88
Carboxylic acid esters, total f 254,349 : 195,517 . 133,297 .68
Anhydrosorbitol esters, total . 33,077 ¢ 22,244 16,433 . 74
Anhydrosorbitol monolaurate: : veel 3,481 3,063 . .87
Anhydrosorbitol mono-oleat : 5,721 ; 5,372 ; 4,177 . .78 i
All other : 27,356 : 13,391 . 9,213 ; .69 \
Diethylene glycol esters, total . 1,421 ; 1,145 ; 875 ; .76 i
Diethylene glycol monolaurat : 205 . 207 . 161 ; .78
Diethylene glycol mono-oleate . 27 32 ; 30 . .92
Diethylene glycol earat : 238 , 249 . 200 . .80
All other . 951 . 657 . 484 . .76
Ethoxylated anhydrosorbitol esters, totalee—v—=—ee=, 29,806 ., 27,125 , 19,073 ; .70 Q
Ethoxylated anhydrosorbizol mono-oleate~—e—veeews, 5,274 , 4,810 , 3,303, .68 1
Ethoxylated anhydrosorbitol monostearate——————— . 9,750, 8,521 , 5,931, .70
All other . 14,782, 13,794 . 9,839 , .71
Ecthylene glycol esters, total : 3,935, 3,684 , 2,029 , .55 !
Ethylens glycol monostearate : 1,587, 1,476 ; 891 . .60 ’
All other t 2,348 ; 2,208 ; 1,138 . .52 i
Glycsrol escers, total® : 77,59% ; 63,025 41,001 : .65
Glycerol esters of chemically defined acids, : : :
tocal ¢ 22,923 : 18,862 : 11,882 : .63
Glycerol mono-oleat H 3,654 : 3,164 ¢ 2,258 : 11
Glycerol monostearate : 18,33 : 14,745 : 8,547 : .58
All other : : 935 : 953 : 1,077 ¢ 1.13
Glycerol esters of mixed acids, total ————— 54,671 : 44,163 29,119 .66
Glycerol monoester of hydrogenated cottonseed : : : ‘
oil acid : 2,562 1,326 ; 1,444 1.09 .
. Glycarol monoester of hydrogenated soybean : : : H
oil acid : 10,983 9,953 . 7,625 .72
All other : 41,126 32,884 20,250 ; .62
Natural fats and oils, ethoxylated, total-—e—e—ee—-. 18,614 18,918 , 11,268 , .60
Castor oil, ethoxylated : 9,157 ; 8,944 , 5,026 . .56 Y
Hydrogenated castor oil, ethoxylated ———————— et 4,798 ; 3,621 .71 4
Lanolin, ethoxylated : 1,679: 1,596 : 1,252 . .78 .
All ocher H 7,778 3,580 1,569 ; YA -
Polyethylene glycol esters, totale—c—caaa- — o 48,140, 38,556 ; 20,863 , .56
Polyethylene glycol esters of chemically defined ; . . s I
acids, tocal s 24,843, 19,814 ; 14,433, .13
Polyethylene glycol dilsurate: f 1,312, 1,127, 1,003, .89
Polyethylene glycol dioleate ' 3,028, 977, 685 . .70 =y
Polyethylene glycol distesrateg——e——cocccecvaces. 2,916, 2,697, 2,279, .85 '
Polyethylene glycol monolaurat@e=eeecccecccaces, 6,298, 5,041, 4,106 , .81 -
Polyechylene glycol mono-oleate ——mmeeeee, 4,327, 3,73, 2,217 . .59
Polyethylene glycol monostearat@e—r~srcnmoccce=, 6,028, 5,507, 3,641, .66 -
All other : 934, 731, 502, .69 !
Ses footnotes at end of table.
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SURFACE-ACTIVE AGENTS: U.S. PRODUCTION AND SALES, 1979--Continued

; : SALES®
SURFACE-ACTIVE AGENTS : PRODUCTION' : : CR—
f f QUANTITf f VALUVE f vaLve? !
NONIONIC-=Comtinued : : : :
1,000 : 1,000 : 1,000 : Per
Carboxylic acid esters--Continued : pounds * pounds ¢ doliars pound |
Polyethylene glvcol esters—Continued : : : : t
Polvethvlene glycol esters of mixed acids—w—ewmeas @ 23,297 ¢ 18,742 ¢ 6,430 ¢ §0.34
Polyglvcerol esters : 1,049 ¢ 1,027 1,048 ¢ 1.02 :
1,2-Propanediol monolaurate : 76 ¢ 69 : 9 ¢ 1.37 !
1,2-Prop diol tearate : 2,101 @ 1,657 ¢ 1,336 ¢ .81
All other carboxylic acid esters : 38,536 @ 18,067 19,277 : 1.07
Ethers, total : 1,119,286 @ 879,402 @ 354,436 @ ,40
Benzenoid ethers, total T 432,833 ¢ 362,562 : 136,457 : .38
Dodecylphenol, ethoxylated H 15,780 @ 14,790 ¢ 5,781 @ .39
Nonylphenol, ethoxylated : 307,747 ¢ 266,603 : 94,100 @ .35
Phenol, ethoxvlated : 2,899 ¢ 2,037 : 1,004 : .49 H
All other : 106,407 : 79,132 @ 35,572 ¢ .45
Nonbenzenoid ethers, total : 645,958 ¢ 488,262 ¢ 202,225 ¢ Al
Chemically-defined linear alcohols, alkoxylated, H H : :
total : 14,550 : 10,062 @ 6,792 @ .69
Decyl alcohol, ethoxylated H 4,554 ¢ 2,909 : 1,167 : .40
9-0Octadecenyl alcohol, ethoxylated——eeeeeccca- —— 1 1,655 @ 494 : 452 ¢ .92
Oleyl alcohol, ethoxylated : 346 : 282 ¢ 385 ¢ 1.36
All other : 7,995 : 6,377 ¢ 4,788 @ .75
Mixed linear alcohols, alkoxylated, total-==——=awe. @ 631,409 : 478,200 @ 195,433 : W4l
Mixed linear alcohols, ethoxylatede——————wmceaas 567,183 : 445,803 : 179,898 : .40
Mixed linear alcoholg, ethoxylated and pro- H H : :
poxylated: H 28,854 28,745 : 12,660 : Lbb
All other. : 35,372 ¢ 3,652 : 2,875 : .79
Other ethers and thioethers, total——e—w———ewe= ———— 40,495 : 28,578 : 15,785 : .55
Mixed alcohols, ethoxylated H 1,568 @ 1,355 : 1,047 : 77
_ Tridecyl alcohols. ethoxvlated : 9.367 : 7,521 : 2,845 : .52
1 All other : 29,560 : 19,702 : 11,863 : .60
Other nonionic surface-active agentn’-—---—---—-—- H 31,473 ¢ 5,691 ¢ 5,358 : .94

;All quantities are given in terms of 100 percent organic surface-active ingredient.
Sales include products sold as bulk surface-active agents only.

ICalculated from unrounded figures.

“The term "benzenoid" used in this report, describes any surface-active agents, except lignin derivatives.
whose molecular structure includes 1 or more 6-membered carbocyclic or hetercyclic rings with conjugated double
bonds (e.g., the benzene ring or the pyridine ring).

SIncludes ligninsulfonaces.

‘Includes all other natural fats and oils, sulfated. i

"Includes trimethylnonyl alcohol, ethoxylated; octyl phosphate, ethoxylated; trimethylalpropane, ethoxylated;
and tri(castor o1l alkyl) phosphate.

'Conplex glycerol esters are included in all other carboxylic acid esters.
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TABLE F-19,
0,
mime/Sec. (percent)
0 20.6
10 20.6
15 -
20 20.1
40 19.85
50 -
60 19.95
80 19.95
100 19.9
120 19.8
140 19.8
160 19.8
180 20.1
200 19.65
205 19.4
212 19.25
220 19.0
225 18.9
230 -
240 19.6
250 19.75
260 19.5
272 19.85
275 19.75
280 19.4
290 19.55
300 19.25
305 -
310 19.25
320 19.35
325 19.1
330 19.2
350 19.3
375 19.1
390 18.85
395 18.75
410 19.45
420 19,15
430 20.15
NOTE:

LDQI - RUN 3 (BILGE)

HC
(percent)

0.03
0.03
0.03
0.04

0.06
0.08
0.08
0.08
0.07
0.06
0.05
0.04
0.04
0.04
0.04
0.04
0.25
0.13
0.16

0.12
0.12
0.75
0.79
0.65

0.25
0.14
0.12
0.10

0.11
0.15
0.10

co
(percent)

CO2
(percent)

0.08
0.25
0.55
0.20
0.35
0.59
0.45
0.41
0.61
0.52
0.71
0.63
0.40
0.81
0.55
0.80
1.2

0.75
1.2

0.82
0.95
0.50

0.52

1.65
0.55
0.37

Data were obtained from the Case Consulting labs.
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TABLE F-20.
0, HC
Time/Sec. (percent) (percent)
0 20.6 0.07
10 20.6 0.06
20 20.25% 0.07
40 20.15 0.07
60 20.05 0.07
75 - -
80 20.2 0.07
90 20.0 0.07
100 20.1 0.07
110 - -
120 20.0 0.07
140 20.0 0.06
160 19.95 0.05
180 19.7 0.05
195 20.2 -
200 19.75 0.05
205 19.5 0.05
215 19.2 0.05
220 18.9 0.05
230 19.5 0.05
235 - 0.34
240 19.25 0.25
250 - -
260 18.8 0.12
275 18.9 0.10
285 19.3 0.10
295 19.0 0.60
300 19.3 0.79
305 - -
310 19.15 0.50
320 19.6 -
330 19.25 0.25
340 - -
350 19.25 0.12
360 19.0 -
365 19,2 -
375 18.9 0.20
390 18.5 0.11
400 19.4 0.10
410 19.15 0.18
420 19.75 0.16
NOTE:

LDQI - RUN 4 (BILGE)

C
(percent)

[oNeoN=NoNe] 0000 [~ NoNa [eNeNeNo ]

oN
[d |

(=]
o
w

0.02
0.01
0.25
0.13
0.27

0.09
0.05

0.01
0.12
0.01
0.01
0.12
0.02
0

C02

~(percent)

0.1

0.28
0.20
0.51
0.21
0.60
0.25
0.50
0.68
0.31
0.31
0.55
0.40
0.68
0.82
1.03
1.2

1.77
0.7

1.04
0.68
0.75
l.41
1.40
1.9

1.25
0.80
l.21
0.70

1.81
0.75
1.70
1.10
1.72
0.45

Data were obtained from the Case Consulting Labs.
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l TABLE F~21.
0, HC
H ' Time/Sec. (percent) (percent)
0 20.65 0.06
’ ' 10 20.65 0.06
20 20.25 0.06
30 - -
40 20.1 0.06
' 60 20.2 0.07
70 - -
, 80 20.1 0.09
| ' 100 20.0 0.08
105 - -
120 20.1 0.08
‘ 140 20.1 0.08
150 - -
175 19.95 0.08
- 180 20.15 0.08
' : 205 20.0 0.08
( . 212 19.25 0.08
225 19.0 0.08
240 - -
. 245 19.5 0.26
250 19.25 0.28
260 19.3 0.20
275 18.65 0.18
290 - -
295 19.25 0.13
- 300 19.35 -
308 18.75 0.55
310 19.0 0.70
330 19.45 0.44
340 19.7 0.27
350 19.3 -
360 19.3 0.15
' 375 19.25 0.13
395 18.65 0.10
400 18.5 0.10
405 - -
420 19.65 0.14
430 19.9 0.11
440 - -

F-107

LDQI - RUN 5

co
(percent)

0

o OO

o

002
(percent)

0.18
0.22
0.22
0.48
0.28
0.14
0.43
0.22
0.30
0.60
0.43
0.37
0.53
0.25
0.80
0.97
1.31

1.20
1.60
0.78
1.40
1.86
1.21

2.32
l.12
1.37
0.75
1.0

1.25
1.98
1.5

0.63
0.92
0.48

NOTE: Data were obtained from the Case Consulting Labs.
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TABLE F-22. LDQI - RUN 6 (BILGE)
0, HC co o,
Time/Sec. (percent) . (pexcent) (percent) (percent)
0 20.55 0.08 0 0.08
10 20.3 0.08 0 0.10
20 ' 19.95 0.08 0 0.40
40 19.95 0.08 0 0.21
60 20.0 0.08 0 0.03 -
80 20.0 0.08 0 0.40
85 - - - 0.71 -
100 20,0 0.07 0 0.33 _
] 120 19.95 0.06 0 0.45
140 19.95 0.05 0 0.48
155 - - - 0.70
160 20,0 0.05 0 0.40
180 20.15 0.04 0 0.62
19¢ - - - 0.09
208 } 19.7 0.04 0.02 1.18
{ 212 19.25 .975 0 i 1.31
220 19.25 0.09 0.21 1.36 -
{ 225 19.3 - - - -
230 19.25 0.20 0.03 0.68
235 19.2 0.35 - -
240 19.4 0.25 0.05 1.05
250 - - 0.10 - R
260 19.2 0.15 0.05 1.21
270 - - - 1.42
275 19.1 0.12 , 0.04 1.07
285 19.4 0.12 0.13 1.28 -
290 18.9 - 0.05 1.5
295 19.1 0.29 0.09 1l.27
3058 19.4 0.23 0.12 1.16
315 19.7 0.38 0.09 0.80
325 19.75 0.31 0.09 1.40
335 19.25 0.29 0.04 0.82
345 19.4 0.19 0.03 0.75 - \
355 19.25 0.16 0.03 1.07 L
370 19.0 - 0.10 0.47 |
378 19,25 0.12 0.09 1.52 - }’
» 385 19.2 6.18 0.01 0.75 o
- 395 19.1 0.11 0.01 1.28 . }
405 19.65 0.11 0.02 0.75 |
415 19.85 0.12 0.01 0.75 -
425 20.15 0.10 0 0.28 oo
b NOTE: Data were obtained from the Case Consulting Labs.
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TABLE F~23. RUN 9 (BILGE)
l 0, HC oc co,
Time/Sec. (percent) (percent) (percent) (percent)
' 0 20.6 0.03 0 0.07
10 20.5 0.03 0 0.12
20 20.15 0.04 0 0.21
l 40 19.95 0.04 0 0.40
60 20.1 0.04 0 0.15
80 20.0 0.04 0 0.15
r l 100 20.0 0.03 0 0.20
! 120 19.9 0.03 0 0.50
140 19.9 0.04 0 0.18
1€ 19.8 0.03 0 0.83
l 180 19.65 0.03 0 0.57
190 19.7 0.03 0 0.60
205 19.1 " 0.03 0.10 1.35
- ‘ 212 18.4 0.10 0.02 2.52
( 220 18.3 0.10 0.04 1.72
225 19.25 - 0.53 0.50
230 19.1 0.08 0.40 1.88
] 235 - - - 2.1
- 240 18.75 0.26 0.08 0.45
- 260 18.75 0.10 0.01 1.05
: 275 18.75 0.15 - -
280 18.8 0.18 0.12 . 2.18
290 19.35 0.17 0.58 0.65
- - 300 18.75 0.51 0.08 1.70
310 - - 0.13 0.43
320 19.7 0.22 0.05 1.38
; 330 19.5 0.15 0.01 0.95
' 340 19.35 0.10 0.03 1.1
350 19.25 0.10 0.04 1.3
360 19.25 0.10 0.02 1.32
o 375 18.75 0.10 0.01 1.8
(2.0 at 380)
390 18.4 - - -
- 395 18.6 0.09 0.06 1.6
\ 405 19.2 0.10 . 0.04 1.58
415 19.5 0.10 0.01 1.15
425 20.0 0.08 0 0.50

NOTE: Data were obtained from the Case Consulting Labs.
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LDQI -~ RUN 10 (BILGE)

TABLE F-24.
0, HC
Time/Sec. (percent) (percent]

0 20.75 0.04
10 20.7 0.05
20 20.25 0.05
40 20.1 0.05
60 20.2 0.05
80 20.2 0.05
100 20.0 0.04
120 19.95 0.04
140 19.95 0.03
160 19.9 0.03
180 19.25 0.02
190 19.75 0,02
205 15.1 0.02
212 18.75 0.02
220 18.% 0.02

230 - -
240 18.5 0.13

255 19.0 -
260 18.85 0.06
275 18.35 0.05
290 18.55 0.05
295 18.1 .11
310 18.7 0.41

325 - -
330 io9.8 0.19
350 19.35 0.11
375 18.75 0.07
390 18.6 0.07
400 18.95 0.06

405 - -
410 19.35 Q.16
420 19.6 0.14

NQTE:

CoO
{percent)

* .
[=] o
N n

COOOODOOCOOOLOODODOOOO
-
et
(Vo]

[=]
(5]

0.03
0.03
(0.15 at 285)
0.05
0.25
0.15
Q.03
Q.09
0.02
0.02
0.02
0.11
0.03
0.01

l—~
i

{percent)

0.18
0.41
0.20
0.43
0.57
0.70
0.72
0.60
0.70
0.85
0.75
0.70
1.70
1.38
2.14
2.2

1.45

1.90
2.12

2.3

2.1

Data were obtained from the Case Consulting Labs.
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KEY '
Start Pilot, Star: |
Start Smoke i
Flame Or, or
Stop Smoke -
Go to Pilot Pilot
Flame On, Apply LVF
Low-Velocity Fog
Apply PKP Surrogate PKF
Stop Applying PKP PKP QOff
Surrogate
Apply Solic Solid
Stream Water trean
Stop Applying Solic HY

Stream, Apply Hign-
Velocity Water Spray

Stop Applying High- HV Off
Velocity Spray
Apoly AFFF AFFF
Surrogate
Stor Aoplving AFFF AFFT 0F°
Surrogats




UDQII INTERNAL ATMOSPHERE

(As Measured by Case
Consulting Equipment)

re.*




e

Deep Fat
Activitv
Start Pilot,
Start Smoke

Flame On,
Stop Smoke

Go to Pilo:

Flame On,
Start Smoke

Smoke Off

Fire Spreads
to Hood

Apply Low-Velocity
Water Fog

Stop Applying Low-
Velocity Water Fog

Apply PKP Surrogate/
HZO Mixture

Stop Applying PKP
Surrogate/HZO Mixture

Abbreviatior:

Start

On

Pilot

Smoke

Smoke Off

Spread

LVF

LVF Off

PKP

PKP Off

KEY

Rag Bale
Activitv
Start Pilot,
Start Smoke

Flame Or,
Stop Smoke

Go to Pilot

Flame On,
Start Smoke

Stop Smoke

Apply High-
Velocity Sprayv

top Applying Hign-
Velocity Spray

fkeflash

Apply AFFF
Surrogate

Stop Applying
ArrF Surrogate

L e

Abpreviation

Starz:

On

Pilot

Smoke

Smoke Off
HV

HV C¥f
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m
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AFFF

FEFF Off
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